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ABSTRACT 
Two  slmpls  and  practical  equations  are  presented  for  the  determination 
of  the  peak  discharge  of  flow  from  small  rural  ratersheds  varying  from  5  to 
250  square  miles.  Thee*   equations  are  based  on  a  frequency  analysis  of 
peak  discharges  and  a  multiple  correlation  of  the  25  year-  peak  discharge 
to  geomorphological  characteristics  of  the  watersheds.  Peak  discharges 
may  be  also  calculated  for  return  periods  of  10,  25,  50,,  75,  end  100  years  . 
The  equations  derived  are  applicable  to  the  design  of  minor  drainage 
structures  such  as  culverts  and  small  bridge:  ^ams.  Charts 

which  facilitate  th<      1  are  pre: 

A  siwple  method  is  presented  for  obtaining  a  design  hydrograph  of 
runoff  from  small  rural  basins  varying  from  3  to  100  square  miles .  She 
method  is  based  on  the  instantaneous  unit  hydrograph  theory.  The 
hydrograph  is  c  ,n  statistically 

correlated  to  geomorphological  characteristics  of  the      jeds.  Practici 
design  charts  are  presented  by  means  of  which  ■        duration  hvdroeranh 
design  hydrograph  may  be  determined        Physiographic  conditions  and 
measurements  obtained  from  topographic  imps  and  from       m  rainfall 
Design  rainfall  and  soil  type  map-       luded  for  practical  application.  The 
method  is  well  suited  for  the  des       all  drainage  systems  and  for  the 
hydrologic  design  of  small  reserve 

The  results  obtained  is  must  be  considered  an  aid  to  engineering 

judgement  rather  than  proven  figures,  Although  in  the  peak  discharge  study  and 
e  hydrograph  analysis,  art  the  data  available  from  the  USGS  at  the  time  of 
studies  ware  considered,  the  samples  for  -jal  analysis 

were  very  limited.  The  estimate  of  accuracy  of  the  peak  discharge  and  of  1 
hydrograph  determination  is  discussed  in  the  text.  She  authors  hope  that  in 
the  future,  as  new  data  become  available,  the  proposed  method  may  be  improved  and 
brought  up  to  date. 


The  present  manual  :'.:>  "based  on  Report  No*  15  of  July  1963  submitted 
to  the  Joint  Highway  Research  Project,  School  of  Civil  Engineering; 
Purdue  University,  by  I.  P.  Wu  and  entitled  "Hydrology  of  Small  Watersheds 
in  Indiana  and  Hydrodynamics  of  Overland  Flow" .  !Ehi3  study  has  been 
sponsored  by  the  State  Highway  Department  of  Indiana  and  by  the  Indiana 
Flood  Control  and  Water  Resources  Commission. 

The  study  was  proposed  bj       W,  DeHerr,  :  aulic 

Engineering,  Purdue  University,  a  ?P  Boarc.       of  Jauuaiy  Zh, 

o  She  study      rted  in  September  1959  g&  a  JEFP  Project,  when 
Mr,  Io  P0  Wu  joined  the  staff  of  t  Civil  Engineering  <>  A 

frequency  analysis  of  peak  discharss.j  and  e.  method  of  peak  discharge 
determination  were  developed  "between  September  1951      me  I96I0 
The  results  wsre  p?:esented  in  program;       aTo.  1  entitled  "Study 
of  Runoff  From  .^roall  :ghway  Drainage  Design  in  Indiana", 

by  Xo  P.  Wu  and  J.  We  Delleur,  Joint  Highway  Research  Project,  May  I96I0 
s  ex 
rraph  for  small  watersheds  in  Indiana,  !3?.e  hydrograph  study  was 
Indiana  Flood  Conirol  and  Water  Resources  Commission, 
*e  Mr«  L  Fc  Wa  worked  from  July  1961  to  September       a  Hydraulic 
Engineer .  3fc<  re  publis  design  Hydrographs 

?n5all  Wat  .  P<,  Wu5  Journal  of  the  Hydraulic 

sicna,  American  Society  of  Civil  Engineers.,  November  I9630 
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1.  XKERQDPCTION 
1.1  Historical  Background 

de  determination  of  the  required  waterway  area  c 
selection  of  the  size  of  a  culvert  cr  the  design  of  a 
system  require  an  accurate  estimate  of  the  peak  dische 
to  pass  through  the  structure.  la  th<         many 
structures,  the  englnei. 
hut  also  with  the  total  vo: 


. 


to  time-the  ruuo- 
reservoir  t: 
exanple  in  which  a  kt 


is  ex; 


difficult  to  da 


At  the 

lea,  and 


seventeen  we       with  an  area  between  100  and  200 
which  the  USGS  ;«s  reporting  flov 

In  view  of  the  lack  of  data,  engineers  have  v 
Ae  determiii-  peak  discharge  and  ha 

hydrographs  for  ungaged  watersheds.  Many  of  the  exist; 
discharge  determination  fail  to  take  into  account  the  : 
the  runoff  depends.  Many  of  the  synthetic  hydrograph 
for  specific  locations  ami  are  not  applicable  to  3 
need  for  better  information  on  hydrology  of  small  wate: 


a  was  evident < 


A  research  program  was  initiated  at  Purdue  University  to  obtain  reliable 
methods,  based  on  all  the  data  available  and  on  the  concepts  of  modern 
hydrology,  for  the  detewainatiaa  of  peak  discharges  and  of  hydrographs  for 
ungaged  watersheds  in  Indiana.  Shis  report  presents  a  summary  of  the 
results  of  this  study,  and  their  application  to  practical  problems..  The 
research  included  a  frequency  study  of  •watersheds  varying  from  20  to  250 
square  miles;  the  development  of  a  simple  formula  and  an  extended  formula 
for  peak  discharges  for  watersheds  varying  from  50  to  250  square  mile, 
and  the  development  of  design  hydrographs  for  -watersheds  varying  from  3 
to  100  square  miles.  The  size  of  the  watersheds  considered  in  this  study 
is  large  enough  so  that  the  land  use  and  cover  do  not  affect  the  peal:  discharge 
and  the  runoff  hydrograph  in  any  significant  way. 
1.2  Available  Methods  for  Peak  Discharge  Determination 

Klnnison  (l)  in  19^6  and  Chow  (2)  in  1962  have  given  a  complete  list 
of  empirical  formulas  which  have  been  proposed  in  the  past  for  peak 
discharge  determination.  The  most  frequently  used  formulas  are  those  of  Talbot 
(3)  published  in  18&T,   of  Meyer  (h)  published  in  1879  and  the  Rational  formula 
originally  derived  by  Mulvany  (5)  in  1857 «  Talbot's  formula  was  originally 
intended  for  locations  in  Illinois.  It  estimates  the  waterway  area  from  the 

watershed  area.  The  formula  is: 

3A 
a  «  CA  (1=1) 

where  a  is  the  required  waterway  area  in  square  feet,  A  is  the  watershed 

area  in  acres,  and  C  is  a  coefficient  varying  between  1/5  and  1  depending 

on  the  slope  and  character  of  the  watershed.  The  selection  of  the 

coefficient  depends,  among  other  things,  on  the  experience  of  the  designer. 

Due  to  the  various  factors  that  affect  the  runoff  other  than  the  watershed 

area,  the  value  of  the  coefficient  C  cannot  be  accurately  determined  to 

represent  all  the  watershed  characteristics.  Talbot's  formula  is 
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nultiple  correlation  relating  it  to  the  watershed  area  and  the  precipitation 
index,  ttiis  discharge  corre-      based  or.       .atioa  that  exists  between 
the  error  in  the  die charge  ea  >pographic  index  estiaa 

Die  correlation  between  thfi 

atudy 
also  shows  t]  een  the  topographic 

index  and  the  m 
tte 

she 

■' 

soil 

" 

iral 

watersheds  in  '11' 

1*3  Available  Msthcds 

!Sxe  '  the 

unit  hydrogr.  .rcgraph 

repi 


uniformly  over  the  watershed  area  at  a  uniform  rate  during  a  given  period  of 
time.  Since  the  physical  characteristics  of  the  watershed  are  constant, 
considerable  similarity  in  the  shape  of  hydrographs  may  he  expected  for 
storms  of  similar  rainfall  characteristics. 

In  1939,  Snyder  (10 5  presented  a  procedure  for  the  development  of  synthetic 


unit  hydrographs  for  ungaged  watersheds  located  in  the  A 
region  o  Formulas  are  given  for  three  elements  of  the  hydroe 
peak  discharge  and  the  time  base.  OSie  formulas  relate  the  t 
watershed  characteristics  *  Knowledge  of  these  three  items,  i 
fact  that  the  total  depth  cf  run:,  aval  one  rx.ch  mak 
sketch  the  complete  unit  hydrographo 

Similar  relationships  vert  .ted  by  2; 

the  North  and  Middle  Atl*       ::e3. 

Bdson,  (12)  in  1951,  derived  a  theoretice 
He  assumed  tha;  the  runoff  is  brought  to  the  valley  in  such  t 
increases  with  a  power  x  of  the  time.  He  also  cor 
the  outlet  of  -toe  watershed  decreases  exponential! 
two  Influences  he  found  that 

Q  «  Ctx  e"3^  (j, 

in  which  C  is  a  constant  end  both  x  and  y  are  ext       in  terms  of  Beak 
discharge  and  time  to  peakc 

aLmensionless  unit  hydrographs,  Which  give  the  ratio  q/q  of  the  discharge 

at  any  time  to  the  maximum  discharge  in  terms  of  the  ratio  t/t  ,  where  t  is  the 

'  P'      p 
time  to  peak,  tend  to  eliminate  the  effects  of  the  basin  characteristics . 

Dimensionless  unit  hydrographs  have  been  proposed  by  Williams  (13),  Commons  (l4) 
and  by  the  Soil  Conservatica  Service  (15). 


achian  Mountain 
raph:  time  to  peak, 
aree  elements  to 
combined  with  the 
es  it  possible  to 

U)  in  1952  for 

>r  the  unit  hydrography 

thiit  the  runoff 
it  the  runoff  through 
loraMnlng  these 


Mare  recently,  the  unit  hydrograph  of  infinitesimal  duration,  that  is  the 
hydrograph  resulting  from  an  instantaneous  t'ainfall,  called  the  instantaneous 
unit  hydrograph,  has  received  considerable  attention*  (See  section  5~1  for 
further  definition  and  details  he  instantaneous  unit 

hydrograph  irare  derived  '  )•  In  deriving  these 

equations,  the  watershed  vas  assumed  to  he  equivalent  to  a  series  of  linear 


reservoirs  vhich  are  reservoir  ige  i 

outfloVo  It  vas  assumed  that 


coefficient  is  the  s* 
2he  assumption  c 
heen  studied  critical 
the  non~linearity  of 
the  vatershed  in  ten 
reservoirs, 
storage  coefficient  <, 
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2.  DEEEEimOBS  AMD  TERMZ3CESPY 
2.1  The  Rr/sical  Characteristics  or  a  Watershed 

The  watershed,  which  forms  the  basic  unit  considered  in  thi3  report,  is 
defined  with  reference  to  the  location  of  the  gaging  station  or  the  structure 
under  design*  It  includes  the  area  within  the  topographical  divide  from  which 
■water  could  reach  the  gaging  station  or  the  structure  by  overland  flow*  The 
■watershed  may  be  described  by  a  timber  of  properties  but  for  practical  purposes 
only  a  few  of  these  are  usually  takm  into  consideration. 

In  the  present  study  the  following  six  characteristics  were  used  to  describe 
the  watersheds: 

(1)  Watershed  area.,  A 

(2)  Main  stream  length. 

(3)  Mein  stream  slope,  S 
(k)    Drainage  density,  D 
(5)  Mean  relief,  H 

Ifetershed  shape  factjr,  F 
Of  these  the  first  three  were  ised  for  the  hydrograph  study,  characteristics 
1  and  3  were  used  for  the  simple  formula  for  peak  discharge  and  characteristics  1 
and  3  through  6  were  used  foi       ended  peak  discharge  formula.  The  definition 
of  the  watershed  characteristics  caa  be  done  with  reference  to  Fig.  2-1. 

1.  Watershed  area  (A)  is  defiled  as  the  area,  wlthiii  the  water  divide, 
draining  to  the  gaging  station  01*  the  structure  under  design.  It  is  measured 
from  the  topographic  maps  and  expressed  in  square  miles. 

2.  Main  stream  length  (l»)  is  defined  as  the  length  measured  on  a  topographic 
map,  along  the  main  stream  of  the  watershed,  from  the  gaging  station  or  from  the 
structure  under  design  upstream  to  the  poini;  xiiere  the  full  blue  line  on  the 

map  ends. 
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b)      SECTION      ALONG      MAIN      CHANNEL 


FIG     2-1       DEFINITION        OF      WATERSHED 
CHARACTERISTICS 


12 

3.  Main  stream  slope  (s)  is  defined  with  the  aid  of  a  longitudinal  profile 
of  the  main  channel.  The  length  L  of  the  main  stream  is  divided  into  If  equal 
sections  and  the  slope  of  each  section  is  determined.  The  main  stream  slope 
is  then  determined  by  the  aquation: 


1         1   + 


(2=1) 


y^      sfs2       v/T3 

where  S_,  S  ,  S  etc.  are  the  slopes  of  the  individual  sections.  The  slope  is 
expressed  in  feet  per  10,000  feet. 

k.     Drainage  density  (P)  is  defined  as  the  ratio  of  the  total  length  of  all 
streams  in  the  watershed  to  the  area  of  the  watershed.  The  streams  are  measured 
from  the  drainage  maps  included  in  the  "Atlas  of  County  Drainage  Maps,  Indiana" 
published  by  Purdue  University  (20).  The  drainage  density  is  expressed  in  miles 
per  square  mile. 

5.  Mean  relief  (H)  is  defined  as  the  mean  elevation  of  the  watershed 

above  the  elevation  of  the  gaging  station.  If  the  elevation  of  the  gaging 

station  is  z  and  the  elevations  of  the  next  contour  lines  are  z, ,  z_,  z_,... 
o  1   2'  3 

then  the  mean  relief  can  be  computed  by  measuring  the  area  within  the  watershed 
enclosed  by  the  contour  z, ,  calling  ij»'  a,,  and  also  the  areas  between  the 
contours  z1  and  z_,  between  z„  and  zJ.and  so  on  calling  the  areas  a  ,  a,,  etc. 
The  mean  relief  is  then  given  by 

H  a  1   (^  h,  +  a2  h2  +  a3  h3  ♦ an  hj         (2=2) 

Zl  *  Zo                   Z2  +  Zl                23  +  Z2 
^ere  H  m    2 Zo    J   h2 2 *  Zo    '     h3  "    2 "  "  Zo 

(2=3) 

and  n  is  the  number  of  small  areas  into  which  the  watershed  is  divided  by  the 
contours.  The  mean  relief  is  expressed  in  feet. 
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6.  Tfetershed  shape  factor  (g)  is  defined  in  this  study  as  the  ratio  of 
the  main  stream  length  to  the  diameter  of  a  circle  having  the  same  area  as  the 
watershed.  It  can  be  computed  by: 

L 

V  -jr 

2.2  the  Total  Runoff  Hydrograph  and  Its  Components 

A  runoff  hydrograph  is  by  definition  a  curve  shoving  the  discharge  at  the 
gaging  station  as  a  function  of  time.  The  term  is  used  mainly  for  the  portion  of 
the  curve  obtained  during  and.  after  a  period  of  rainfall  over  the  watershed .  A 
typical  runoff  hydrograph  for  a  small  "watershed  is  shown  in  Fig.  2=2 o  It  shows 
that  starting  with  some  low  flow  in  the  stream  (point  A)  the  discharge  rise® 
rapidly  to  some  peak  value  and  then  falls  gradually  to  some  low  value.  2he  two 
sides  of  the  hydrograph  are  called  the  rising  curve  and  the  recession  curve 
respectively.  TSae  portion  of  the  curve  near  the  peak  flow  is  called  the  crest 
section  of  the  hydrograph. 

For  purposes  of  analysis  the  runoff  hydrograph  is  divided  into  two  parts. 
One  part,  called  the  base  flow,  represents  the  flow  of  ground  water  into  the 
channel  system  of  the  watershed;  the  second  part  is  called  the  direct  surface 
runoff  hydrograph.  There  are  several  methods  of  separating  the  base  flow,  but  for 
small  watersheds  the  simplest  method  was  adopted.  Biis  method  consists  of  a 
horizontal  line  through  the  point  A  where  the  rising  curve  starts  to  rise.  Bxis 
horizontal  line  implies  a  base  flow  of  constant  magnitude  Q.  .  The  total 
discharge  (L,  at  any  time  is  then  equal  to  the  sum  of  the  base  flow  QU  and  the 
direct  surface  runoff  Q 

Qj,  =  Q  +  %  (2«5) 

A  curve  showing  the  variation  in  direct  surface  runoff  Q  with  time  is  called  the 
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direct  surface  runoff  hydrograph  (Pig.  2-3) »  It  will  be  noted  that  the  peak  of 
the  direct  surface  runoff  hydrograph  (Q  )  is  in  general  saaJLler  than  the  peak  of 


the  corresponding  total  hydrograph  (0,-,)*  the  time  to  peak  (t  )  is  the  same  for  the 
two  curves. 

The  segment  of  the  recession  curve  of  the  direct  surface  runoff  hydrograph 
immediately  following  the  crest  section  tends  to  give  a  straight  line  -when  plotted 
on  semi-log  paper  (discharge  on  log  scale).  She  equation  of  such  a  straight  line 
is 

where  Q  and  ^  are  the  values  of  the  discharge  at  times  t  and  t1,  and  K^  is 
called  the  recession  constant  of  the  curve. 

The  area  under  the  direct  surface  runoff  hydrograph  represents  the  total 
volume  of  runoff  V  -which  may  he  expressed  in  either  cubic  feet  or  in  units  of 
acre  feet.  Bie  total  volume  of  runoff  is  usually  considered  to  he  equal  to  the 
product  of  the  area  of  the  watershed  A  and  an  equivalent  depth  of  water  R 

V  =  AR  (2-7) 

The  Quantity  R  is  called  the  total  runoff  and  is  expressed  in  units  of  inches. 
If  the  area  A  of  the  watershed  is  expressed  in  square  miles  and  the  volume  V 
in  acre-feet,  equation  2-7  should  he  modified  to  include  a  conversion  factor. 
For  the  units  specified  the  equation  becomes 

V-^   AR  (2-8) 

2.3  The  Total  Rainfall  Hyetograph  and  the  Rainfall  Sccess  Hyetograph 

The  rainfall  occuring  over  a  watershed  is  a  variable  quantity.  It  varies 
both  with  location  and  with  time.  For  any  short  period  of  time  (T)  it  is  possible 
to  calculate  the  mean  rainfall  over  the  watershed  by  standard  methods  such  as 
the  Thiessen  polygon  method.  From  the  mean  rainfall  depth  it  is  then  possible 
to  derive  a  mean  rainfall  intensity  for  the  period  under  consideration.  A 
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17 
diagram  showing  the  mean  rainfall  intensity  during  successive  time  periods  is 
called  the  total  rainfall  hyetograph  for  the  watershed  (Fig.  2-k).  It  has  the 
shape  of  a  bar  diagram  and  the  property  that  the  area  under  each  of  the  "bars 
is  equal  to  the  rainfall  depth  during  the  corresponding  time  interval  <= 

The  total  area  under  the  hyetograph  is  equal  to  tue  (mean)  total  precipi<= 
tation  depth  P  over  the  watershed  during  the  storm,  it  is  expressed  in  units  of 
inches  o  Comparing  the  value  of  P  with  the  value  of  the  total  runoff  R  for  the 
same  storm,  it  is  found  that  almost  invariably  the  total  rainfall  P  is  larger  than  the  i 
total  runoff  R«  For  purposes  of  analysis  it  is  usual  to  divide  the  total  rainfall 
hyetograph  into  two  parts.  One  part  represents  the  portion  of  the  rainfall  that 
appears  as  runoff  at  the  gaging  station  and  the  second  represents  the  rainfall 
lost  through  infiltration,  evapotranspiration,  and  other  causes .  A  procedure 
for  separating  the  two  parts,  suitable  for  small  watersheds  is  the  following: 

(a)  By  examining  the  runoff  hydrograph  the  time  of  beginning  of  direct 
surface  runoff  (point  A  in  Fig. 2-2)  is  found-  AH  rainfall  before  this  time 
is  considered  to  be  an  initial  loss.  The  depth  of  rainfall  included  in  this 
initial  loss  is  represented  by  area  under  the  hyetograph  up  to  this  timea  If 
the  depth  of  initial  loss  is  denoted  by  Pt  and  the  depth  of  precipitation  after 
the  beginning  of  direct  surface  runoff  by  P  then  the  total  precipitation  is 
given. by        ' 

P  =  PL  +  Px  (2-9) 

(b)  For  the  portion  of  the  total  hyetograph  after  the  beginning  of  direct 
surface  runoff  a  horizontal  line  is  found  by  trial  and  error  such  that  the  depth 
of  rainfall  represented  by  the  portion  of  the  diagram  above  the  line  is  exactly 
equal  to  the  total  runoff  E.  The  line  is  called  the  separation  line  for 
rainfall  excess  and  the  portion  of  the  total  hyetograph  above  the  line  is  called 
the  rainfall  excess  hyetograph  (Fig.  2-5).  The  ratio  of  the  total  runoff  R  to 
the  depth  of  precipitation  P  was  defined  ia  this  report  as  the  runoff 

coefficient  r 

T«  =3  R/P  ?«_T«* 
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2o4  Unit  Hydrographa  of  Shoyt  Duration 

The  unit  hydrograph  forms  a  convenient  basis  for  comparison  of  the  direct 
surface  runoff  hydrographs  of  a  watershed  «  By  definition,  the  unit  hydrograph 
is  a  direct  runoff  hydrograph  of  unit  total  runoff ,  in  this  case  one  inch  of 
direct  runoff o  The  unit  hydrograph  is  derived  from  the  observed  direct  surface 
runoff  hydrograph  by  dividing  the  crdinates  of  the  latter  curve  by  the  total 
runoff  R. 

Each  unit  hydrograph  is  associated  -with  the  duration  of  the  rainfell  excess 
■which  produced  ito  Thus*  a  3-&our  unit  hydrograph  is  one  derived  from  a  storm 
in  which  the  duration  of  the  rainfall  excess  was  3  hours »  Using  the  assumption 
of  linear  relationship  between  rainfall  and  runoff,  it  is  possible  to  derive  a 
unit  hydrograph  of  any  one  duration  from  a  unit  hydrograph  of  any  other  duration 
by  superposition  or  by  using  the  S»curve  technique » 

The  shape  of  the  unit  hydrograph  depends  on  its  duration,  as  this  duration 
becomes  smaller  the  shape  tends  towards  some  limiting  form.  The  instanteneous 
unit  hydrograph,  -«hlch  is  the  limiting  form  of  the  unit,  hydrographs  as  the  dura- 
tion becomes  infinitesimally  small  is  useful  in  theoretical  studies  but  its  deri- 
vation requires  special  techniques  <>  For  practical  purposes,  a  unit  hydrograph 
derived  from  hydrographs  due  to  rainfalls  of  short  duration,  of  the  order  of 
Ool  t  ,  may  be  used  as  an  approximation  of  the  instantaneous  unit  hydrograph  of 
the  watersheds  considered..  Such  a  unit  hydrograph  can  be  derived  from  past  records 
by  selecting  a  number  of  hydrographs  with  high  and  sharp  peaks,  short  time  to 
peak,  and  smooth  recession  curves,  reducing  them  to  a  dimensionless  form  and  passing 
an  average  curve  through  the  dimensionless  curves  plotted  en  a  common  basis o 

The  dimensionless  form  used  in  the  report  for  the  unit  hydrograph  of  short 
duration  is  obtained  by  expressing  the  flow  as  a  ratio  of  the  peak  flow 
and  the  time  as  a  ratio  of  the  time  to  peak  (t/t  )0 
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second  largest  and  so  on<>  ISie  return  period  for  each  entry  is  then  calculated  by 

%  -  nJLi.  (2-U) 

m 

where  a  is  the  total  number  of  entries  in  the  extreme  -value  series., 

55ie  extreme  value  analysis  and  special  pieobability  paper  were  used  in  this 
study  for  the  analysis  of  the  annual  peak  flows,,  and  for  the  predictic 
the  25-year  peak  flow,  which  was  used  for  the  correlate      watershed  ch 
teristicso  2he  entries  in  the  extreme  values  series  were,  in  this  case,,  the 
instantaneous  peak  discharge  measured  at  the  gaging  station  for  each  of  the  ye. 
in  the  period  of  records 
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deviations  of  the  computed  (log  y)  values  from  the  observed  (log  y       the 
smallest  possible  -with  the  observed  data. 


3„  description  op  ths  basic  data 

3.1  Watersheds  Studied 

Forty-two  watersheds  distributed  throughout  the  state  of  Indira  were 
selected  for  the  studies  of  peak  discharge  sad  for  the  hydrograph  determin- 
ations. Fig.  3-1  is  a  map  showing  tixe  location  of  the  watersheds  and  Table 
3-1  lists  the  namesof  the  watersheds,  their  assigned  numbe      fredx  areas. 
Table  3-1  also  indicates  which  of  the  watr      rere  used  for  the  various 
studies  included  in  this  report.  Tbirty-tvo  watersheds  were  used  for  the 
frequency  study,  six-been  for  the  peak  discharge  correlation  and  se      for 
the  bydrograph  study. 
3.2  Watersheds  and  Secords  fcr,ggat-ja§£te£g^Ma^££i-. 

The  thirty-two  watershed.'       d  :.*or  the  freque:     / 
in  Table  3-1  with  a  star  A  **?  diagram  was  plotted  in 

Fig.  3-2  to  sam,  the  time  pe.      record  for  e* 

The  instantaneous  annual  peak  flows,  ui  *r»  were  ob- 

tained from  the  report  *  ««  »«•  tota  supplied  by  the 

U.S.G.S.  office  in  India:-  .ana. 

At  the  time  of  this  stud;       .  topograjhic  maps  were  available  for  only 
sixteen  of  these  waters!  e  indicated  in  Table  3-1  with  a  star  in 

column  "b" .  The  multiple  cc       i  formula  for  -i.-adnation 

was  based  on  data  obta5-  topographic: maps  watersheds. 

The  following  properties  were  measured  from  tl  ?-^c 

__}  watershed  are 

12)  mi      3am  slope,  S 

(3)  mean  relief,  H 

(h)  watershed  shape  factor,  F 


24 


"'  FIG.  3-1  LOCATION  OF  GAGING 
STATIONS  FOR  SMALL  WATER- 
SHEDS     STUDY 
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FIG.  3-2      PERIOD      OF      RECORD      OF     INSTANTANEOUS     ANNUAL 
PEAK      DISCHARGE      USED      IN      FREQUENCY      STUDY 
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*  N  =  Length     of      Record      in      Years 

Table   3-1 
List  of  Watersheds,  their  Area  and  Assigned  Number 


Watershed  Gaging  Station  a   b   c    Watershed 

Number  Area,  A 

(sq<>  mi. J 


1  Lawrence  Creek  at  Fort  Benjamin  Harrison         *      2,86 

2  Bear  Creek  near  Trevalac  •       7°0 

3  Brush  Creek  near  Nebraska  11=7 
k  Bean  Blossom  Creek  at  Bean  Blossom             *      Ik, 6 

5  Hinkle  Creek  near  Cicero  *      16.3 

6  Bice  Ditch  near  South  Marion  *  22,6 

7  Iroquois  River  at  Rosebud  ';-  30 , 3 

8  Buck  Creek  near  Muncie  *      36=7 

9  Mud  Creek  at  Indianapolis  *      42<>5 

10  Little  Cicero  Creek  near  Arcadia  *     *      kkef 

11  Carpenter  Creek  at  Egypt  *  1*8 ,1 

12  West  Creek  near  Schneider  *      *      54*3 

13  Beer  Creek  near  Putnamville  *      59 o0 

14  Little  Calumet  River  at  Porter  »   #  .  *      62,9 

15  Hart  Ditch  at  Munster  *"  69,2 

16  Graham  Creek  near  Vernon  *      77  >6 

17  Salt  Creek  near  McCool  *   *   *      78  »7 

18  Big  Slough  Creek  near  Collegeville  *  84,1 

19  North  Pork  Vernon  Fork  near  Butlervllie  #      «      87,3 

20  Clifty  Creek  at  Hartsville  •      «      88.8 

21  Cedar  Creek  at  Auburn  •      *      93*0 

22  Bean  Blossom  Creek  at  Bolan  »   *   *     100  °0 

23  Pigeon  Creek  at  Hogback  Lake  Cutlet 

near  Angola  *   *        102 

24  Young  Creek  near  Edinburg  •   *        109 

25  Tippecanoe  River  at  Osvego  *   *        115 
26*  North  Fork  Salt  Creek  near  Belmont  •   •        120 

27  Singleton  Ditch  at  Schneider  *  122 

28  East  Fork  White  Water  River  at  Richmond  *  123 

29  Deep  River  at  Lake  George  Outlet  at  Hobart  *   *        125 

30  Big  Indian  Creek  near  Corydon  iv        129 


Continued 


a      Watersheds  used  for  frequency  study 

b      Watersheds  used  for  peak  discharge  study 

c      Watersheds  used  for  hydrograph  study 


Table  3-1  (Continued) 

List  of  Watersheds,  their  area  and  assigned  Huzuber 


Watershed  Watershed 

Number             Gaging  Station  a  b   c    Area,  A 

(sq<,  mio) 

31  Mississineva  River  near  Ridgeville  *            130 

32  Cicero  Creek  near  Arcadia  131 

33  Kankakee  River  near  North  Liberty  »            152 

34  Sand  Creek  near  Brewersville  *  *         156 

35  Wildcat  Creek  at  Greentown  *            l£>2 

36  Fall  Creek  near  ForvilLe  *             172 

37  Eagle  Creak  at  Indianapolis  *  *         179 

38  Blue  River  at  Carthage  *             187 

39  Silver  Creek  near  SeHersburg  *  *  3J38 
kO  Busseron  Creek  near  Carlisle  *  *  228 
4l  Lsughery  Creek  near  Farmers  Retreat  *  2^8 
U2  Patoka  River  at  Jasper  #  *          257 


a    Watersheds  used  for  frequency  study 

b    Watersheds  used  for  peak  discharge  study 

c    Watersheds  used  for  hydrograph  study 


In  addition;  the  drainage  density  (D)  was  measured  for  the  same  watersheds  from 
the  drainage- maps .  (20)  The  values  determined  are  listed  in  Table  3-2.  (For 
definition  of  the  physical  characteristics  of  the  watersheds  see  Art*  2.l) 

3.3  Watersheds  and  Records  for  Hydrograph  Study 

The  seventeen  watersheds  selected  for  the  hydrograph  study  are  indicated 
in  Bable  3"!  "with  a  star  in  column  "c"  0  Five  to  six  hydrographs  for  each  of 
the  17  watersheds  were  selected  and  used  for  the  determination  of  the  hydro- 
graph parameters  o  She  runoff  hydrographs  were  obtained  from,  the  UoS.G.So 
office  in  Indianapolis*,  Indiana <> 

For  the  watersheds  used  for  the  hydrograph  study*  the  following  charac~ 

teristics  were  measured  from  the  available  topographic  maps; 

(l)  watershed  area,  A 

(2 J  length  of  main  stream,  L- 

(3)  slope  of  main  stream,  S 

The  values  determined  are  listed  in  Table  3-3 .  (For  definition  of  the 

physical  characteristics  of  the  watersheds  see  Art.  2.1) 

3.4  Bainfall  Records  and  Rainfall  Characteristics  for  Indiana, 

The  i«ainfaH  records  used  for  the  runoff  coefficient  study  were  obtained 
from  the  publication  of  the  U.S.  Weather  Bureau,  entitled  "Climatological 
Data,  Indiana" . 

Rainfall  data  for  prediction  of  design  storms  is  available  from  the  Weather 
Bureau.  Recent  (1961)  data  on  rainfall-depth-duration-frequency  relations  can 
be  found  in  Technical  paper  No.  40,  (24)  published  by  the  Heather  Bureau. 
Figures  3-3  and  3=4,  which  are  based  on  this  technical  report,  show  the  six- 
hour  duration  rainfall  for  return  periods  of  25  and  50  ysai 

A  list  of  ratios  to  convert  the  six-hour  duration  rainfall  to  rainfalls  at 
other  durations,  which  was  prepared  by  the  Soil  Conservation  Service,  is  given 
in  Table  3-4. 
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FIG.    3-3      25-  YEAR,     SIX      HOUR      RAINFALL      IN      INCHES 
FOR      INDIANA 
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ADAPTED    FROM     U  S.W.B 
TECHNICAL    PAPER    NO.   40 


FIG.  3-4      50-YEAR,     SIX       HOUR       RAINFALL      IN       INCHES 
FOR      INDIANA 


Table   3-2 

Watershed  characteristics  of  16  Watersheds 
used  for  peak  discharge  study 


31 


Watershed  Charraeteristic 

!3 

Watershed 
number 

Area 

Mean 

Drainage 

Shape 

Main 

A  (sq0  mi) 

Relief 
E.  (ft) 

Density 
D  (mi. 

Factor 
F 

Stream 

Slope 

39,0  sri.*,) 

8,00 

S  ft/  1000  ft 

Ik 

62.9 

110 

1.12 

21.10 

17 

78.7 

101 

6.57 

1*75 

9.05 

20 

88.3 

270 

7«33 

3.00 

20.88 

21 

93.0 

79 

5.10 

ioVr 

8.29 

22 

100 

216 

10.65 

2.63 

9.8k 

23 

102 

66.1 

3.16 

1.93 

7.93 

2k 

109 

86 

7.02 

1.9U 

10.39 

25 

115 

65.  k 

3*35 

l.kl 

2,64 

26 

120 

237 

11.20 

2,18 

9*90 

29 

125 

8H.7 

^.50 

1.91 

6.05 

30 

129 

231 

8.70 

2o5-6 

10.16 

3^ 

156 

250 

9.76 

2.85 

10.68 

37 

179 

195.2 

7.83 

2.2 

13.*»0 

39 

188 

195 .8 

10.  It? 

1.35 

6.21 

1»0 

228 

99<8 

13.20 

1  93 

5.^3 

h2 

257 

181.5 

13-95 

2.87 

2.95 
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Sable  3-3 

Watershed  Characteristics  of  17  Watershed 
used  for  hydrcgraph  study 


Length  of  main 

Slope  of  main 

Watershed 

Area 

streaxi 

stream  S 

number 

A  (sq.  mi) 

L  (mi.) 

(ft/1000  ft.) 

1 

2.86 

1.82 

103.00 

2 

7-0 

4.29 

63.50 

3 

11.7 

7.28 

44.00 

k 

lfc.6 

7.05 

32.60 

5 

16.3 

7.15 

20.00 

8 

36.7 

12.25 

16.00 

9 

42.5 

18,25 

12.00 

10 

44.7 

lk.76 

12.00 

12 

5^.3 

20.50 

5*00 

13 

59.0 

17.00 

25.50 

14 

62.9 

10.00 

21d0 

16 

77.6 

31.50 

16.00 

17 

78.7 

17.50 

9.05 

19 

87  -3 

27.30 

18. 40 

20 

88.8 

32.00 

20.88 

21 

93-0 

16.00 

8.29 

22 

100.0 

28.00 

9,84 
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Sabla  3-4 
Factors  for  Conversion  of  Si^^Hour  Rainfall 
Duration  to  other  Duration. 


Duration  Eours 

•atio* 

6 

loOOO 

7 

1.035 

8 

I0O65 

9 

I0O90 

10 

1.115 

11 

lol40 

12 

1.160 

13 

1.185 

14 

1,200 

15 

1*220 

16 

1»235 

1? 

1.255 

18 

I.270 

19 

1=280 

20 

1.300 

21 

1.315 

22 

1.325 

23 

1.340 

2k 

1.350 

25 

I.360 

26 

1.375 

27 

1.385 

28 

1.395 

29 

1.410 

30 

1.420 

31 

1.425 

32 

1.435 

33 

1.445 

3* 

1**55 

35 

1.465 

36 

1.470 

*Prcsa  the  Engineering  Handbook,  Hydrology, 
Soil  Conservation  Service.,  U.S0D.A. 

Bote  information  on  durations  less  then  6  hours  may  be  found  in  US 
weather  bureau  technical  paper  Ho.  40. 
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3o5  Soil  Information  for  Indiana 

The  soil  classification  used  in  the  runoff  coefficient  study  -was  taken 
from  the  "The  Agronomy  Handbook"  (£5)  published  in  1961  hy  Furdue  University 
Agricultural  Service  .>  A  map  taken  froaa  this  handbook  indicating  the  different 
soil  types  is  reproduced  in  Pig.  3-5 • 

A  qualitative  description  of  the  permeabilities  of  the  various  soil 

types  shovn  on  the  map  in.  Fig<,  3=!?  'was  given  in  a  report  by  D.  Ja  Belcher, 

L6  Eo  Gregg  and  K„  B„  Woods;.,  (26)  Table  3=5  gives  a  list  of  soil  types  and 

corresponding  permeabilities  based  on  the  above  report  <> 

Table  3=5  Qualitative  Permeabilities,  of  Various 
Soil  Types  in  Indiana 


Soil  type  as  Qualitative 

per  soil  map  permeability 


A,  (H)  very  permeable 

T>3  Eg   0  mostly  permeable 

(B),  C,  Ed   G,  U}   P  moderately  permeable 

K,  L^  K  slowly  permeeble 

'B9  F9  Zf   J  very  slowly  permeable 
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Principal   Soil   Types  of 
the  Regions 


Maumi'1'.  Granby,  Newton  4 
Ittinnymcdc  sandy  loams;  Plain- 
rtflil  4  Tyner  sands;  mucks 
Hour  Tracy.  Fox.  Warsaw  S. 
Oshtemo  loams  &  sandy  luams 


Lenawee,  Pewamo  &  Julian  -ili\ 
day  loams:  Hoytrille  silly  clay: 
Kensselaer  4  Jasper  loams  4 
Stroll-  -ill   Inam. 


Parr  4  (Midi  sill  lnams  &  lnams; 
Stilell.  Raul).  Elliott  4  Flana- 
gan silt  loams:  Chalmers  4 
Komn.  ,    sjiiy  clay  loams. 


Miami,  t'rnshy.  Rrnnkston,  Brem- 
en. Galrna.  (Mis.  Fox.  Fnx 
tame  phase  &  Hillsdale  loams 
k  sandy  loams:  Coloma  o' 
Kplnks  loamy  -ami- 


Crosby     4 
Brook-ton  4 

Mi. 
K 

ni 
ik. 

mo 

lit     li 
sllty 

ins; 
clay 

loams 

F 

Blount.     Mo 
St      flair    - 
silly   clay   1, 

rlo\ 

11 

mi 

lo 

Kappaner 
inis;    Pel 

4 

amii 

G 

1. 

•:.- 

1 

Fineastlc.    11 
loams :   B  r  o 
silly  clay  lo 

.k 

mi- 

ell 

tr 

n 

Cope    silt 
4    Kokomo 

»\z\ 


C.enesee.  Eel.  Huntington.  Fox. 
Orklcy.  Warsaw.  Rartlc  4  F.lk- 
Insviile  silt  lnams  4  loams: 
West  land  silty  clay  loam:  Shar- 
key clay. 


Cincinnati,  Gibson.  Vigo.  Iva, 
Wilbur.  Slendal  4  Philo  silt 
loams. 


Cincinnati.  Rnssmoyne. 
hurt;.  Clermont.  Jennings 
ford.  Philo.  Stendal  4 
silt  loams. 


Switzerland  4  Allensville  silt 
loams:  Fairnmunt  4  Huntington 
sllty  clay  loams. 


Muskingum  stony  loam.  Zancs 
ville.  Wellston.  Tilsit.  Elkins 
ville.  Barlle.  Olwell  4  Phil 
silt  loams. 


Frederick  Bcivlcyville;  Bedford. 
Lawrence.  Cririer.  Pembroke  4 
Huntington  silt  loams. 


Otwell.  Hailbstadt,  Dubois,  lioh- 
in^n:  Markland.  McC.iry.  Hen- 
shaw  4  Parke  silt  loams:  Zipp, 
Montgomery  4  Patlon  silty  clay 
loams. 


Bluomfleld  loamy  sands;  Princ. 
ton  4  Ayrshire  sandy  loam 
loams  4  silt  loams. 


Alford.     Muren,     Iva,    Hosmer 
Adler  4  ltagsdale  silt  loams. 


INDIANA  SOIL 

SURVEY 

Purdue  University 

Agricultural  Experiment 

Station 

and 

U.   S.    Department  of 

Agriculture 


Fig,  3  -5       Soil  regions  of  Indiana. 
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ko   SEsicaf  peak  discharge  for  smael  watersheds 

4.1  Design  Peak  Discharge  for  Gaged  Watersheds 

Data  from  thirty-two  watersheds  were  used  for  the  frequency  analysis  of 
annual  peak  discharges,  as  mentioned  in  Art*  3~2.  The  results  obtained  "by  the 
method  of  extreme  values  analysis  are  shown  in  appendix  A  in  the  form  of  plots 
of  annual  peak  discharge  vs.  return  period  on  probability  paper*,  The 
predicted  annua],  instantaneous  peak  discharges  for  return  periods  of  25j>  50,  75 
and  100  years  obtained  fron  the  figures  of  appendix  A  are  listed  in  Table  k»lo 

4.2  The  Singple  Formula,  for  Peak  Discharge  frm_Sniall  Watersheds 

The  25-year  annual  peak  discharge  Q  was  found  to  be  related  to  the 
watershed  area  A  and  the  mean  slope  of  main  stream  S  by  the  formulas 

Q  »  O.OOOJ83  A2-^  S  lo^k  (4=1) 

in  Which  Q  is  in  cubic  feet  per  second^  A  is  in  square  miles  and  S  in  feet 
per  10,000  feet.  The  above  relationship  was  obtained  by  the-  method  of 
multiple  correlation * 
ko3    Working  Chart  for  Peak  Discharge  Determination  by  the  Simple  Formulae 

A  warking  chart  based  on  the  simple  formula  k-1  is  given  in  Fig.  k-^lo 
The  25~year  peak  discharge  can  be  read  directly  from  the  chart  knowing  the  watershed 
area  A  and  mean  slope  of  the  main  stream  S,  An  example  illustrating  the  use  of 
these  charts  is  given  in  Art.  7.1, 

hok  .  The  Bartended  Formula  for  Peak  Discharge  from  Small  Watersheds 

The  extended  formula  for  the  25°year  ennual  peak  discharge  expresses  the 
discharge  as  a  function  of  five  measuraable  watershed  characteristics.  The 
equation  w=:s  found  to  be; 


Q  -  0.0718  a0o9i43A  h0080415  s°°537l6  DOo8l865  pO.**3559        (h~2) 
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-where        Q  is  the  25=year  peak  discharge,  in  cfs* 

A  is  She  watershed  area,  in  square  miles. 

H  is  the  mean  relief,  in  feet. 

D  is  the  drainage  density.,  in  miles  j>er  square  miles. 

P  is  the  watershed  shape  factor,  dimentionlees . 

S  is  the  main  stream  slope,  in  feet  per'  10, COO  feet. 
She  above  formula  was  also  obtained  by  the  method  of  Eultiple  correlation . 
ko5    Working  chart  for  the  2>»year  peak  discharge, by  the  extended  formula 

A  working  chart  based  on  formula  1*°2  is  given  in  Pig.  l*-2.  The  25-year 
peak  discharge  may  be  read  directly  knowing-  the  five  watershed  characteristics! 
A,  H,  D,  S,  F.  Aa  example  illustrating  the  use  of  the  working  chart  is  given 
in  Art.  7.1. 
k<,6    Peak  Discharge  for  Other  Return  Periods 

In  the  preceding  paragraphs,  the  peak  discharge  from  small  watersheds 
were  obtained  for  a  return  period  of  25  years.  However,  it  may  be  desii'able 
to  estimate  the  peak  discharge  for  other  return  periods  so  that  the  design  engineer 
aay  have  a  greatez  freedom  of  choice  .  The  relationship  between  the  peak  discharge 
for  other  frequency  and  the  25«year'  peak  discharge  can  be  obtained  from  Gumbel0 s 
extreme  value  theory.  Fig.  4-3  gives  the  relationship  -between  the  25 -year  peak 
flseharge  and  the  values  of  peak  discharge  for  frequencies  of  10,  50,  75  and 
-00  years, 
ik'k  An  Estimate  of  the  Accuracy  of  Peak  Discharge  Determination. 

'^e  most  accurate  method  of  estimating  the  peak  discharge  for  a  given  return 
period  is  by  means  of  a  frequency  analysis  of  the  flow  records,  if  such  records 
are  available  for  the  site  under  consideration.  This  may  be  called  the  direct 
method.  If  tha  duration  of  the  flow  records  is  sufficiently  long  (say  15  years 
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or  more) j  the  frequency  analysis  yields  a  good  estimate  of  the  peak  discharge. 
This  method  is,  of  course,  possible  only  for  gaged  watersheds.  For  ungaged 
■watersheds  indirect  methods  have  to  be  used.  She  estimate  of  the  peak  discharge 
by  correlation  to  -watershed  characteristics  is  always  less  accurate  than  the 
direct  method,  provided  data  for  the  latter  exist. 

The  estimate  of  peak  discharge  by  means  of  regression  formulas  based  on 
a  correlation  analysis  is  subject  to  two  kinds  of  errors .  The  first  error  is  that 
resulting  from  the  use  of  records  of  short  duration  in  the  frequency  analysis.  The 
source  of  the  second  error  is  the  choiee  of  the  correlation  variables  and  the 
size  of  the  sample  (number  of  -watersheds)  on  vfcich  the  correction  is  based. 

An  estimate  of  the  error  due  to  the  selection  of  variables  can  be  obtained 
by  comparing  the  original  values  of  peak  discharge  obtained  by  means  of  the 
frequency  analysis  and  the  corresponding  values  computed  by  the  simple  and 
gxtended  formulas.  From  this  comparison  showa  in  Sables  k°»2  and  k=3,  the 
mean  deviations  were  found  to  be  about  4,900  cfs  for  the  simple  formula  and 
about  2,2*00  efs  for  the  extended  formula.  Figures  h~k  and  4-5  show  plots  of  the 
estimates  of  the  25~year  peak  discharge  by  maans  of  the  simple  and  of  the 
extended  formula  respectively,  versus  the  25~year  peak  discharge  obtained  from 
the  frequency  analysis..  She  reduction  of  the  error  of  estimate  of  the  peak 
discharge  by  means  of  the  extended  formula  may  be  seen  by  comparison  of  the 
two  figures. 

These  errors  of  estimate  should  be  kept  in  mind  by  the  designing 
engineer.  The  Eethods  proposed  should  be  used  as  an  aid  to  engineering 
judgement  rather  than  a  replacement  of  engineering  judgement. 
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H  =  25      75      125     175    225       300         400 


4  6       8     10     14     22  30 


FIG.  4-2      WORKING       CHART       FOR       PEAK      DISCHARGE       DETERMINATION       BY      EXTENDED       FORMULA 

(EQU    4  -  2  ) 
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100,000 


10,000 


1,000 


D  = 
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1 

1 

1 

h 

3       4  6      8     1000  2  3      4  6       8     10,000       2  3      4 

25      YEAR        PEAK        DISCHARGE  Q25        (cfs) 

FIG.      4-3      RELATIONSHIP       BETWEEN       THE      n-YEAR 


AND     THE       25-YEAR        PEAK       DISCHARGE 
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FIG.  4-4     COMPARISON     OF     25     YEAR     PEAK     DISCHARGE 
ESTIMATED     BY     SIMPLE     FORMULA     WITH      ORIGINAL     VALUES 
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0  10,000  20,000  30,000 

25- year    peak    discharge    Q    cfs    (from    freqnency    analysis) 

FIG.  4-5     COMPARISON     OF     25     YEAR     PEAK      DISCHARGE 
ESTIMATED     BY     EXTENDED      FORMULA     WITH      ORIGINAL 
VALUES 
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Table  4-1 

The  Fr ©dieted  Ann 

Bk  Discharge 

from 

Flood  ^equency 

Watershed 

Predicted  Aanjial  last: 

I  salt  Riscl  agge^ 

Number 

2|><-ye&rs 

J    50™v.rears 

100-  years 

CjfS  o 

CfSo 

6 

7 

11 

12 

2100 

2350 

14 

3300 

3800 

4300 

15 

3300 

3940 

4200 

17 

3600 

>e6u 

18 

30S0 

19 

24 

00 

20 

12$ 

150 

21 

/ 

ua 

13800 

9 

1240C 

14000 

2s; 

1110 

19000 

25200 

py 

28 

19  l 

22 

26000 

29 

4300 

6200 

30 

25^00 

31 

32 

33 

■qk 

35 

7400 
7T00 

17; 

19* 

38 

10800 

121 

500 

13' 

15- 

8700 

33000 

15i 

k$ 


TABLE   4-2 


Comparison  of  the  Estimates  of  Peak  Discharge  "ay  Means  of  the  Frequency 
Analysis  and  by  the  Simple  Formula  (Sq  4=1) 


Watershed  No 


Peak  Discharge 
Frequency  Analysis 


14 
IT 
20 
21 

22 
23 
24 

25 
26 

29 
30 
3^ 
3T 
39 

40 

42 


3300 

2950 
12900 

1630 

11800 

760 

10500 

880 

19000 

4800 
22300 
21500 
17000 
13300 

8700 
13500 


Peak  Discharge 

Sq  4-1 

Deviation 

4706 

1406 

2296 

654 

11463 

1437 

3110 

1480 

4903 

6897 

3702 

2942 

6688 

3812 

929 

49 

7992 

11008 

4160 

640 

10060 

12240 

17907 

3593 

36488 

19488 

12611 

639 

17088 

8388 

9126 

4374 

Mean  Deviation    4940  efs 


qd 


2&3L!  2»~3 

Ceoiparisaa  of  the  Estimtee  of  Peak  Discharge  "by  fcfeaas  of  the  ISrequaacy 
Analysis  and  by  the  Ejcbaocled  ftoraala  (Bq  4-2) 


Peak  &i£  charge 

Watershed  Kb 

Rrequeacy  Analysis 

Xk 

3300 

17 

2950 

20 

12900 

21 

1630 

22 

H80G 

23 

760 

2k 

10500 

25 

86o 

26 

19000 

29 

kBOC 

30 

22300 

3k 

21500 

37 

17000 

,'  39 

;.:  • 

ko 

42 

Peak  JXL&sharge 

Ueviatioa 


812 

3091  1*M 

16583  3688 

212:-  kgk 

13163  1363 

728 

4351  *--- 

U6 

16130  2870 

251+  22£  £ 

1^2>  7371 

22382  882 

619 

833 

H367  2667 

1838^  kS8k 


Mean  Eteviatii  22&0  cfs 


kj 


5o  DESIGN  HXDR0GKAFH3  FOR  SMALL  mEERSHEDS 

5.1  The  Two  Parameters  Euvation  for  the  Short  Duration  Unit  Hydrograph 

Short  duration  hydrograpns  for  small  watersheds  have  a  characteristic 
shape  showing  a  quick  rise;  to  peak  and  a  relatively  slower  recession «  An 
equation  suitable  for  the  mathematical  description  of  such  curves  is  that 
proposed  by  some  investigators  (16,17}  for  the  instantaneous  unit  hy&rograph. 

la  this  equation  Q  is  the  discharge  .  the  time  in  hours  after  the 

beginning  of  direct  surfar  A  is  the  area  of  the  watershed  in  square 

miles,  R  is  the  total  run  i  n  are  the 

parameters  of  the  equatic.  dons  of  time  find  is  expressed  in 

units  of  hours,  and  n  is  a  dim*  ss  numbe;          Lty  p  (n)  is  the  gamma 

function,  the  value  oi  3b  on  the  value  of  n.  For  integer  values 

of  n,  the  value  of  the  ga  -ion  is  g 

(n)  «  Cn  -  3 
or 

(n)  -  Cn  -  ]  -2) 

Values  of  the  gamma  funct       ion-inte  iven  in 

Table  5-1 • 

%  differentiating  I  to  t  an  0„ 

it  can  be  shown  that  the  vims  to  peak  in  equation  5=1  is  given  by 

-(n-.X)K  CS»3) 

Using  the  time  to  peak  as  a  basis  for  diHeusiaaiess  ratios.,  equation  (5=l) 

may  be  rewritten  as 

*■.  -sn  «. 

n-1   (5**) 


_  .£^!  i/t'.-vt. 


""§£.  AR    "   pTn7 
showing  that  time  to  peak  can  be  used  instead  of  K  as  one  of  the  parameters  of 
the  equation « 


, 


Table  5-1 
Values  of  the  Gaaana  Function 


n 


loO 
1.1 

1,2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 
1.9 

2c0 
2.2 
2.4 

2o6 

2.8  1.676 


(a) 

a 

rcn) 

loOOO 

3«0 

2.000 

0.951 

3o25 

2.549 

0.918 

3*50 

3.323 

0.897 

3*75 

3-423 

0.887 

4.0 

6.00 

0.886 

4.5 

H.63 

0.894 

5.0 

24.00 

0.909 

5.5 

52.33 

0.931 

6.0 

120.00 

0.961  • 

6.5 

287.8 

1.000 

7o0 

720.0 

1.102 

7*5 

1870 «7  ■ 

1.242 

8.0 

5040.0 

1.430 

9.0 

40320 

l£ 


The  value  of  the  second  parameter  (n)  can  be  estimated  by  comparing  the 
recession  curves  of  the  actual  hydrograph  and  that  given  by  Equation  5-4 . 
Plotting  the  recession  curve  of  the  actual  hydrograph  on  sami~logarithmic  paper  j, 
•with  discharge  plotted  on  the  logenthmic  scale,,  it  is  possible  to  fit  a  straight 
line  to  the  part  of  the  curve  inanediately  following  the  crsst  section  of  the 
hydrography  The  dimensionless  recession  constant  (K,/t  )  is  then  estimated 


JL         t,  -  t 

1    o 


from  this  line  by  the  equation 

5 

tp  &  2.3  tp  log  (<*</%)  (5-5) 

In  this  equation,  t  is  th-2  tJaie  to  j?ealc  of  the  hydrograph:  Q  and  Q„  are 
tvo  values  of  discharge  and  t.  and  t  are  the  corresponding  two  values  of 
time.,  -which  are  read  from  aviy  tvo  points  on  the  straight  line  in  the  sami= 
logarithmic  plot. 

The  above  procedure  was  used  also  tc  determine  the  recession  constants 
of  the  dimensicaless  hydrogr&phs  obtained  from  equation  5=4  as  the  value  of 
n  -was  varied.  The  values  of  the  deasnsionlass  recession  constants  obtained 
for  various  values  of  n  we>?e  plotted  on  a,  diagram  (Figo  5-l)  showing  the 
relationship  between  the  tyro  quantities*  Such  a  diagram  can  be  used  for 
estimating  the  value  of  the  parameter  n  -when  the  crxantity  K^/t  is  known ° 

An  alternative  method  for  estimating  the  value  of  n  could  be  the  com.~ 
parison  of  the  actual  hydrographs^  plotted  dimensionlessly  as  (Q/O  versus 


(t/t  ),  with  a  set  of  similar  curves  obtained  from  Equation  5~h  by  assuming 
a  set  of  various  values  of  the  parameter  n.  A  set  of  such  curves  is  given 
in  Pigo  5-2  and  a  listing  of  the  values  of  the  variables  from  which  the 
diagram  has  been  plotted  is  given  in  Sable  5-2  o 
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2-5 
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1-5 
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FIG  5-1         RELATIONSHIP      BETWEEN    DIMENSIONLESS 
RECESSION       CONSTANT      AND      HYDROGRAPH 
PARAMETER 


Table  5-2 
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t/t 


n  s 


1.4 


1.6 


1.8 


2.C 


2.2 


2.4 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

57.1 

43.1 

32.6 

24.6 

18.6 

14.0 

0.2 

72.3 

61.5 

52.3 

44.5 

37.9 

•32.2 

0.3 

81.7 

73.9 

66.8 

60.4 

54.6 

49.4 

Q.k 

88.1 

82  »7 

77.6 

72.9 

68.4 

64.2 

0.5 

92.6 

80  cl 

85.7 

82. 4 

79.: 

76.3 

0.6 

95 .7 

93.6 

91.5 

89.5 

87.6 

85.6 

0.7 

97.8 

96.7 

95.6 

94.5 

93.4 

92.4 

0.8 

99.1 

98.6 

98.2 

97.7 

97.3 

96.8 

0.9 

99.8 

99-7 

99.6 

99.5 

99.4 

99.2 

1.0 

JOO.O 

100.0 

100.0 

100.0 

100.0 

100.0 

1.1 

99.3 

99-7 

99-6 

99-5 

99  ok 

99.3 

1.2 

99.3 

90.9 

93.6: 

98o2 

9?. 6 

1.3 

98.5 

9"  .8 

9?.o 

96.3 

95.6 

94.9 

1.4 

97.5 

96.3 

95.0 

93 .8 

91.5 

1.5 

96.3 

94.5 

92.7 

91o0 

89.3 

87.6 

1.6 

9^-9 

92.5 

90. l' 

87.3 

85.6 

83.4 

1.7 

93.^ 

90.3 

87.3 

84.4 

81.6 

78.9 

1.8 

91-9 

83.0 

84.4 

80.9 

77.5 

74.3 

1.9 

90.2 

85.6 

81.3 

77.2 

73.  h 

69.7 

2.0 

88.4 

83.2 

78.2 

73-5 

69.2 

65.1 

2.2 

84.8 

73.1 

72.0 

66.3 

61.0 

56.2 

2.4 

81 .1 

73.0 

65.7 

59-2 

53.3 

48.0 

2.6 

77.3 

6'r>9 

59.7 

52.5 

40.6 

2.8 

73.5 

63.O 

54-.0 

46.3 

39. T 

34.0 

3.0 

69.7 

53,2 

48.6 

40.6 

33.9 

28.3 

3-5 

60.7 

1*7*3 

36.9 

28 .7 

22.3 

17.4 

4.0 

52.4 

33.0 

27.5 

19 .9 

10.4 

4.5 

45.O 

30.2 

20.3 

13-6 

6  el 

5.0 

38.4 

23.8 

14.8 

9.2 

3.5 

5.5 

32.7 

13.7 

10.7 

6.1 

2,0 

6.0 

27.7 

14.6 

7.7 

4.0 

2.1 

1.1 

6.5 

23.4 

11.3 

5.5 

2.7 

1.3 

0.6 

7.0 

19.8 

3.8 

3.9 

1.7 

0.8 

0.3 

7.5 

16.6 

6.8 

2.8 

X  ©  JL 

0.5 

0.2 
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Sable  5-2    (Continued) 


t/t 

13=2.6 

2.3 

3.0 

3.5 

4.0 

*.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

.10.6 

8.0 

6.0 

3.0 

1.5 

0.7 

0o2 

27.4 

23.3 

19.3 

13 .2 

8.8 

5.9 

0.3 

44.6 

40.4 

36.5 

28.4 

22.0 

17  ol 

0.4 

60.3 

56.6 

45.4 

3;3.7 

33  cO 

0.5 

73.4 

70.6 

68.0 

61.7 

56.0 

50.9 

0.6 

83.8 

81.9 

80.1 

75.8 

71  °7 

67.8 

0.7 

91.3 

90.3 

89.3 

86.8 

32.0 

0.8 

96.4 

95.9 

95.5 

94.4 

92.2 

0.9 

99.2 

99.0 

98 .7 

98.  k 

98.1 

l„o 

100.0 

100  oO 

10c 

lOOcO 

100.0 

100.0 

99 .2 

99.2 

98.8 

93.6 

98 .4 

1.2 

97.2 

96o9 

95.7 

94.0 

lo3 

94.2 

93*4 

91.0 

89°3 

87.7 

lo4 

90.3 

89.2 

85.3 

82.6 

80.1 

1.5 

86.0 

84.4 

75.3 

71.8 

1.6 

81.2 

72.2 

63.4 

lo7 

76.3 

73.7 

60.2 

55.3 

1.8 

73  .2 

68  .a 

53.8 

52  ob 

47.6 

1.9 

66o2 

62.8 

52.4 

46.1 

40.5 

2.0 

61.2 

51 06 

■*6o4 

39 .8 

3^2 

2.2 

51.8 

47o" 

43.9 

35.7 

29.1 

23.7 

2.4 

43.2 

33.9 

35.0 

26.9 

2:^  - 

16.0 

2.6 

35  .T 

20.0 

14. 5 

10.5 

2.8 

29  „2 

21.4 

14.6 

9»9 

608 

3.0 

2:  .6 

19.7 

10.5 

6.7 

4.3 

3.5 

13.6 

10. 6 

. 

4.4 

2.4 

1.3 

4.0 

7.6 

1.8 

0.8 

0.4 

4.5 

4.1 

0.1 

0.2 

0.1 

5.0 

2.2 

0.2 

0.1 

0.0 

5.5 

lol 

0.6 

0.0 

6.0 

0.6 

0.0 

6.5 

0.3 

0.2 

Ool 

7.0 

0.2 

0.1 

o.c 

7.5 

Ool 

0.0 

54 


Sable  5°2    (Continued) 


Vtp 

n  «  5°0 

6.0 

7.0 

8.0 

9.0 

OcO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.4 

Ool 

0.0 

0.0 

0.0 

0.2 

3*9 

1.8 

0.8 

o.4 

0.2 

Oo3 

13c3 

8.0 

4.9 

-2.9 

1.8 

0.4 

28.2 

20.6 

15  cO 

10.9 

8.0 

0.5 

46.2 

38.1 

31.4 

25  o9 

21.3 

0.6 

64.2 

57.5 

51.4 

46.0 

41.2 

0.7 

79o7 

75.3 

7lo2 

67.2 

63.6 

0.8 

91.2 

89-1 

E ;  y'j 

85.0 

83.1 

0.9 

97»9 

97.4 

96.8 

96.3 

95  08 

1.0 

100.0 

100.0 

100.0 

100.0 

uoo.c 

lol 

98.1 

97.7 

9T.2 

96.8 

96.3 

1.2 

93  o2 

91o5 

89  <.9 

88.4 

86.8 

1.3 

86.0 

82.8 

79.8 

76.8 

74.0 

1.4 

TTo6 

72.8 

63.3 

64.1 

60  .£ 

1.5 

68.5 

62,3 

56.7 

51.6 

46.9 

1.6 

59  °4 

52.2 

4:5.3 

40.2 

35 .4 

l.T 

50.8 

42.9 

36.2 

30.6 

25.8 

1.8 

42.8 

34.6 

23.0 

22o6 

18.3 

1.9 

35o6 

27*5 

21.2 

16.4 

12.7 

2.0 

29o3 

21.6 

15  »9 

31.7 

8.6 

2.2 

19*3 

12.8 

3.5 

5.6 

3.7 

2.4 

12.3 

7.3 

4.3 

2.5 

1.5 

2.6 

7»6 

4.0 

2.1 

dLoJL 

0.6 

2.8 

4.6 

2.1 

1.0 

0.4 

0.2 

3o0 

2  1 

1.1 

0.4 

0.2 

0.1 

3o5 

0.7 

0.2 

0.1 

0.0 

0.0 

4.0 

0,2 

0.0 

0.0 

4.5 

5.0 

5o5 
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5,2  Estimation  of  the  Time  to  Peak  and  of  the  Recession  Constant  from  Physical 
Characteristics 

Records  of  total  hyorographs  for  5  to  6  storms  on  each  of  the  17  -watersheds 
listed  in  Table  3-1,  Section  3°3j  ware  obtained;  the  direct  surface  runoff 
hydrographs  -were  derived  from       L  hydrographs  and  reduaed  to  a  dimension- 
less  form  (Q./Q  versus  t/t  )  as  described  to  Section  2.h.    Comparing  the 
dimensionless  hydrographs  obtained  from  various  storms  for  any  one  watershed,  it 
was  found  that  the  values  of  the  time  to  peak  were  app*      ty  equal  and  that  the 
dimensionless  curves  plotted  for  the  various  hydrographs  had  approximately  the  game 
characteristic  shape .  Table  5=3  lists  the  values  of  the  time  to  peak  tp,  and 
the  value  of  the  recession  ,  and  thi  .alue  of  the 

parameter  n  for  each  of  the  watersheds  stud:-.  3 

A  multiple  correlation  analysis  was  carried  out  to  determine  the  relar 
ship  between  each  of  the  quantities  t  and  K^,  features  of  the 

watershed .  The  features  considered  vere  the  ores  >  of  main  stream 

L,  and  the  slope  of  the  main  stream  S„  The  values  of  tfcrse  characteristics  are 

given  in  Table  3-3- 

The  equations  obtained  from  the  multiple  correlation,  analysis  vere 

The  sgreemexrb  "between  the  measured  quantities  of  t  and  K^  and  the  theoretical 
line  given  by  Equations  :.'  7^m°   5-3  and  5-1*  respectively. 

The  xueaa  deviation  between  the  measured  values  of  t  and  those  computed  by 
Equation  5-6  was  3.6  hours,  and  the  meande-viaticu  lietween  Eiiasured  values  of 
KL  and  those  computed  bv  Equation  5=7  vas  2»5  ham 
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Watershed 
number 


Time  to  peait 
t  >'br) 


Recession 
cons 


I^'dragraph 
Parameter 


1 
2 
3 
k 

5 

8 

9 

10 
12 

13 

Uf 
16 
17 
19 
20 
21 
22 


2 
2 
3 

T 
10 

6 
1^ 

13 

28 
10 
35 
8 
5 
20 
18 


l.i* 
1.CA- 
2cC8 

6  c  00 
5»6o 

16  ,.00 
1'/  .60 

5  ,20 

IT  .00 

7.60 

32.00 
5.30 

to  .70 

10.65 


7 
7 

6 
10 

7 
5 

3»: 

3 

2. 
10 
7 

5. 

5 

6 

8 

1< 
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5  o 3  Working  Charts  for  Determination  of  Hyfrc^?aT»h  Parameters 

If  the  values  of  the  area  of  a  watershed,  "ihe  length  of  the  main  stream 
and  the  slope  of  the  sain  stream  are  avaU  insured  from  a  topo- 

graphic map,  it  is  possible  to  derive  the  unit       ph  of  short  duration 
from  the  given  -watershed »  The  procedure  would  be  to  estimate  the  values  of  t 
and  K,  frciu  Equation!  p-6  :~±n.<=  the  ig  value  of  n 

from  Pigo  5=1  and  then  to  plot  ths  cliz2ExislQr3.es s  unit  .  ?ig.  5-2 

or  from  data  in  Table  5-2,.  Final!;,  the 

discharge  is  expressc-c.  is  cis  and  s,  can  be  plotted  us 

knma  value  of  t  and  the  val       cestui;  ed  by  -the  i'ejjT.riog  relationship, 
obtained  froia  equations  5"3  aud  f' 

(n-J       a°1'' 

AH 
in  ■fchich  R  is  taien  to  be  1  a  j&iO  AR)  as 

a  function  of  the  hycrograph  parameter  n,  ■  given  in 

Table  5-4  0 

The  relationship  bet-ween  the  dr-mensionlese  r  2  and  the  hydrograph 

parameter  is  given  also  in  Figa  ~ 

As  an  alternative  to  the       a  of  Equations  5-       7.,  diagrams 
have  taen  prepared  froa  raiich       ss  of  t  and  Kj  t       dd  for  given 
values  of  Aj,  L  and  St  These  diagraros  are  given  in  Pig,  5-b  and  5~7° 
5°^  Eviration  of  Ur-it  jJ5-^&rjsgra^4s_of_otl-       ions 

The  equation  used  for  the  description  cf  the  unit  hydrograph  in  this  report 

is  one  originally  proposed  for  instantaneous  unit  hydrographs.  It  was  taken  to 

apply  also  for  unit,  hydrographs  of  definite  but  short  durations,,  of  the  order  of 

Odt  .  If  it  is  required  to  produce  a  unit  hydrograph  of  longer  durations,  it 
P 

is  possible  to  use  a  graphical  or  axiujaerical"  method  for  tLa  production  of  the 
.'.red  unit  hydrOjirapho  It  is  assumed  in  these  methods  thai  the  duration  of 
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Tstola  5-U 
Values  of  tiie  Diissnsioaless  Peak  Discharge  for  Various  Values  of  n 


D   -■ 

^i      s/ 

n 

640AR 

1.4 

0*2X0 

1.6 

0o271 

lc8 

0.323 

2o0 

0,368 

2.2 

0,408 

2o4 

0o¥^-5 

2c6 

0A'T9 

2*3 

0*511 

3*0 

Qo4l 

3.25 

0.5T7 

3*50 

0o6i0 

3°75 

4.0 

O.672 

4*5 

0oT29 

5o0 

5-5 

6*0 

6.5 

T»0 

7-5 

8,0 

9o0 

1.117 

a 


the  resulting  unit  hydrograph  is  an  exact  multiple  of  the  duration  of  the  original 
unit  hydrograph  of  short  duration „ 

In  the  graphical  method  (Fig.  5=8  )>  a  number  of  unit  hydrographs  are  drawn 
vertically  below  each  other  in  an  offset  position .  Bie  number  of  hydrographs 
drawn  is  e«jual  to  the  ratio  of  the  duration  of  the  resulting  hydrograph  to 
the  duration  of  the  original  hydrograph  and  the  amount  of  horizontal  offset  of 
each  hydrograph  with  respect  to  the  one  above  it  is  equal  to  the  duration  of 
these  unit  hydrographs *  She  ordinates  falling  on  any  vertical  line  are  then 
added  for  all  the  offset  hydrographs  to  give  the  ordinate  of  the  summation 
curve.  FianHy  the  ordinates  of  the  summation  curve  are  divided  by  the  number 
of  unit  hydrographs  involved  in  the  summation  to  give  the  required  unit  hydro- 
graph  of  the  required  duration. 

In  the  numerical  procedure,  the  ordinates  of  the  short  duration  unit 
hydrograph,  corresponding  to  times  T.,  2T.jP  33?.,  .  .  c,( where  2?.  is  the 
duration  of  the  unit  hydrograph)  are  denoted  by  U«,  Up,  U-,  etc.;  the  ordinates 
of  the  unit  hydrograph  of  longer  duration  at  the  same  times  are  denoted  by  q_, 
<lo»   l^s  e-tc»  If  "Nte  duration  of  the  longer  unit  hydrograph  is  T  =  IfS?.  where  N 
is  some  integer  number,  then  the  relationship  between  the  nth  ordinates  of  the 
unit  hydrograph  of  longer  duration  and  the  ordinates  of  the  3hort  duration 
unit  hydrograph  is  given  by       & 

V   n  £^     .n-1+1  (5-9) 

where  i  is  the  variable  of  the  summation;  and  k  is  taken  as  either  3c  »  n  or  k  »  H 
whichever  is  the  smaller  of  the  two  numbers 
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UNIT     HYDROGRAPHS       OF 
SHORTER      DURATION    (Ti) 


SUM     OF    OFFSET     HYDROGRAPHS 


UNIT      HYDROGRAPH     OF 
LONGER     DURATION     (T=4T,) 


FIG     5-8 


TIME 

DERIVATION      OF     UNIT      HYDROGRAPHS 


OF      LARGER       DURATION 
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5 "5  Design  Ky&rographs  from  Design  Rainfall  Hyetpgraphs 

33ie  analysis  of  rainfall  records  leads  to  values  of  the  depths  of  rainfall 
that  can  be  expected  with  a  given  frequency  for  various  durations  <■  From  this 
infonaaticn  it  is  then  possible  to  construct  a  design  hyetograph  of  total 
rainfall  giving  the  depths  of  rainfall  at  successive  time  intervals  during  a 
hypothetical  storm  of  the  given  frequency <,  Subtracting  from  this  hyetograph 
the  estimated  infiltration  losses  leads  to  a  design  hyetograph  of  rainfall  axcess< 

The  derivation  of  the  design  hydrograph  corresponding  to  the  design  hyeto=> 
graph  of  rainfall  excess  is  carried  out  by  a  sumnation  process  based  on  the 
assumption  of  linear  relationship  between  rainfall  and  runcff o  She  first  step 
is  to  derive  a  unit  hydrograph  of  duration  T  equal  to  the  time  interval  used  in 
the  construction  of  the  hyetograph  blocks  (Pigo  2-4) o  Denoting  the  depth  of 
rainfall  represented  by  each  block  in  the  hyetograph  by  P_,  Pg,  P_, .  «  .  P^ 
where  N  is  the  number  of  blocks  in  the  hyetograph,  also  denoting  the  ordlnates 
of  the  unit  hydrograph  at  times  T.,  T ,  SL,  etc*  by  qL?   q,_,  q«,  etc,  and  the 
ordinates  of  the  design  hydrograph  at  the  same  times  by  °»=,  QU»  §<*»   e,fcc»  ^e 
relationship  between  the  nth  ordinate  of  the  design  hydrograph  Q.  and  the 
ordinate  of  the  unit  hydrograph  is  given  bys 

q   =  i,   p    « 

n     &  (i)    [a*  *  1)  (5-OD) 

where  i  is  the  variable  of  the  summation  and  k  is  taken  as  either  k  ■  n  or  k  *  N 
whichever  is  the  smaller  of  the  two  quantities o 
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60  THE  lUgA'HONSHIP  BETWEEN  RAXHFAEL  AMD  RUNOEF 
60I  Factors  Aff ect ing  the  Amount  of  Runoff 

Baere  is  no  definite  relationship  available  for  calculating  the  amount 
of  direct  surface  runoff  resulting  from  a  given  rainfall,  as  the  factors 
affecting  the  total  volume  of  runoff  are  numerous  and  difficult  to  evaluate  => 
In  the  process  of  conversion  of  rainfall  to  runoff,  infiltration  into  the 
ground  appears  to  he  the  most  important  single  factor  affecting  the  volume 
of  runoff  produced  by  a  given  rainfall..  Soire  of  the  factors  affecting  the 
infiltration  rate  ares 
A  =  Climatological  conditions: 

Rainfall  intensity,  duration  and  distribution;  initial  moisture 

condition^  ground  water  elevation;  and  presence  of  snow  or  ice  cover., 
B  =  Watershed  conditions; 

Soil  types  and  permeability;  ground  cover  and  land  use;  and  physical 

features  of  the  -watershed. 
Some  of  the  other  factors  affecting  the;  volume  of  runoff  are  the 
depression  storage,  reservoir  storage  and  interception  loss,  and  to  a  lesser 
extent  also  evapotranspirationo 
6„2  Definition  of  Runoff  Coefficient 

She  runoff  coefficient  r  used  in  this  study  was  defined  as  the  ratio  of 
total  volume  of  runoff  R  to  the  volume  of  rainfall  P  occuriag  after  the 
beginning  of  runoff . 

"*- 

where  both  R  and  P  are  expressed  in  inches. 

The  runoff  coefficient  for  any  storm  can  be  obtained  from  the  analysis 
of  runoff  hydrograph  end  tlie  rainfall  hyetograph,  as  shown  in  figo  6-1  o 
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in/hr. 


0 
cfs 


I  t    hrs 

FIG.    6-1      STORM       RAINFALL     HYETOGRAPH       AND         RESULTING 
RUNOFF      HYDROGRAPH 


<9 

6,3  Evaluation  of  Total  Runoff  and  Runoff  Coefficient 

The  values  of  the  runoff  coefficient  as  described  in  the  previous  section  vere 
determined  for  the  various  storms  on  the  -watersheds  studied*  Since  these  water- 
sheds studied  vere  small  and  the  rain  gages  used  for  estimating  the  rainfall 
were  not  closely  and  evenly  distributed,  the  true  hyetograph  and  average  pre- 
cipitation for  a  given  storm  over  a  given  watershed  could  not  he  determined 
accurately..  Consequently,  the  derived  values  of  runoff  coefficients  r  were  not 
taken  as  a  fixed  constant,  but  rather  as  falling  within  a  range,  say  0o2  ~  O.U 
or  0o5  -  0.7,  chosen  so  that  it  gives  a  reasonable  estimate  of  the  true  value. 
Studying  the  general  soil  regions  of  Indiana  and  their  subsoil  permeability, 
it  is  found  that  the  runoff  coefficient  is  correlated  to  the  permeability  of 
the  soil.  She  relation  obtained  between  the  runoff  coefficient,  type  of  soil 
and  permeability  is  shown  in  Table  6-1.  Fdsce  the  relation  was  found  to  be 
logical  and  consistent,  the  runoff  coefficient  can  be  estimated  froa  the  know- 
ledge of  the  soil  type  of  the  watershed.  Hence,  by  locating  a  given  watershed 
on  the  soil  map,  the  runoff  coefficient  e£m  be  readily  determined.  Table  6-2 
lists  the  recommended  runoff  coefficients  for  various  types  of  soil  for  the 
runoff  design  of  small  watersheds  in  Indiana. 

The  design  runoff  can  be  computed  by  the  formula? 

E  =  r  .  Px  (6-2) 

Where    R  is  the  design  runoff,  in  inches 
r  is  the  runoff  coefficient 
..   P  is  the  rainfall  depth  that  occurred  after  the  beginning  of  runoff 
in  inches 

For  design  purposes  it  is  usually  assumed  that  the  ground  is  saturated  and 
that  depression  storage  is  filled  at  the  beginning  of  rainfall.  Under  this 
assumption,  the  runoff  starts  at  the  same  time  as  the  rainfall  and  the  rainfall  P 
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occurring  after  the  start  of  runoff  is  the  same  as  the  total  rainfall  P. 
Values  of  the  total  rainfall  P  can  be  estiiaated  fr?om  Figures  3~3  and  Z~k< 


Table  6-1 

The  Runoff  Coefficient,  Otype  of  Soil,  and 
Degree  of  Permeability  of  Subsoil 
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Watershed 
number 


Runoff 
Coefficient 


**  Refer  to  Figure  (3-5) 
***  Refer  to  Table  3-5 


Type 

of 

BOil»* 


1 

O06  -  O08 

E 

2 

O06  -  0.8 

L 

3 

0.8  -  1.0 

J 

h 

0.8  -  1.0 

L 

5 

0.7  -  0.8 

E 

8 

0.5  -  0.6 

E 

9 

0.5  -  0.7 

E 

10 

0.6  -  0.7 

E 

12 

0.3  -  0.1;. 

A, 

F 

13 

0.4  -  0.6 

G, 

I 

14 

0=4  -  0.5 

K 

F 

lo 

0.8  -  1.0 

J 

17 

0.2  -  0.3 

A, 

F 

19 

0.8  -  1.0 

J 

20 

0.5  -  0.7 

G 

21 

0.5  -  0.7 

P 

22 

0.5  -  0.7 

M, 

tp  1 

Degree 
of 

I-bderately 

Slowly 

Very  slowly 

Slowly 

Moderately 

Moderat&Iy 

Moderately 

Moderately 

Very  and  very  slowly 

Moderately  and  very 

slowly 
Very  and  very  slowly 
Very  slowly 
Very  and  very  slowly 
Very  slowly 
Moderately  and  slowly 
Very  slowly 
Moderately  and  slowly, 
slowl 
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Sable  6-2 

Recommended  Runoff  Coefficients 

for 
Various  Sypes  of  Indiana  SoilLs 


$ype 

of  Soil 

A, 

H 

V, 

H, 

0 

c, 

** 

G, 

M, 

P 

K, 

I» 

H 

B, 

I# 

J 

F 

0,50 
0.70 

loOO 
0.50  -  0 


*35ie  F  type  of  soil  is  -is  slos^y  penasab.. 
types -B?  I,  and  J,  but  the  losses  due  to  depre 
storage  are  qilte  different,,  ihere  are  straps  und 
lakes  in  this  region  -where  the  aaount  of  runoff 
passing  through  the  outlet  is  dec:; 
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To  EESIGK  SCAMPEES 
7ol  Pet ermJ nation  of  Peak  Discharge  (25  year) 

From  the  studies  in  chapter  kt   the  procedure  for  peek  discharge  deter~ 
mination  is  as  follows: 

1c,  Peak  discharge  determination  by  the  simple  formula. 

The  watershed  is  delineated  on  a  topographic  map  from  which  the  area 
(A)  in  square  miles,  and  the  slope  (S)  in  feet  per  10,  COD  feet  are  determined c 
The  25-year  peak  discharge  is  obtained  by  introducing  the  values  of  the  -water- 
shed characteristics  A  and  S  into  formula  (^-l)^  or  by  means  of  the  working 
chart  of  Fig„  k-1, 

2o  Peak  discharge  determination  "by  the  extended  ioxmilaa 

The  watershed  is  delineated  on  a  topographic  map  from  which  the 
following  quantities  are  determined!  the  watershed  area  (A)  in  square 
miles,  the  mean  relief  (H)  in  feet,  the  main  stream  slope  S  in  feet  per 
10,000  feet  and  the  watershed  shape  factor  {?)»  She  watershed  is  also  de- 
lineated on  the  drainage  map  from  which  the  drt         ty  (D)  in  miles 
per  square  miles  is  obtained  „  The  25-year  peak  discharge  is  obtained  by 
introducing  the  values  of  the  watershed  characteristics  A,  Hs  D,  S^,  and  P 
into  formula  (4-2)  or  by  means  of  the  working  chart  of  F:Lg0  4-2  <, 

Two  examples  illustrating  the  use  of  formulas  (4-1)  and  (4~2)  and 

the  working  charts,  Figures  (4~l)  and  (4=2);>  are  as  follows: 

a»  Simple  formula  for  peak  discharge  determine; '; 
Watershed  No<>        34 


Watershed  area    (A)  1?6  square  jiiles 

(S) 


Stiter^xed  characteristics 
Watershed  area  (A 
Main  stream  slope  (s)  10*68  ft/10000  ft 

Using  the  simple  formula,  the  25-year  peak  discharge  can 

be  obtained  from  the  working  chart,  Fig„  4-1,  following 

the  dotted  line, 

Q  ■  1.3,000  cfe 


7h 


Using  the  single  foruxula  without  the  use  of  chart 

Q  -  0.000  783    A2^3    g  x.g>    ^  ^9oo  ^ 

Bartended  formula  for  peak  discharge  determination 
Watershed  No,  29 


Watershed  characteristics 

Watershed  area 

CAJ 

i        225  a 

Mean  relief 

(HI 

Drainage  Density 

(D 

Main  stream  slope 

is] 

1           6o0 

Watershed  shape  factor 

(*3 

i          1.9: 

Using  the  extended  formula,  the  25=>ye£r  peak  disci 
from  the  working  chart,  Fig,  4-2,  following  the  d< 

Q  «  2,500  cfs 
Using  the  extended  f insula  without  thr?  use  of  the 
chart, 

Q-  0,0718  A°'^HC'S04S0'53T  1 
«  2511*  cfs. 


The  peak  discharge  of  other  freer      ay  he  determzLaed  frosn 

Fig,  1j~3« 
7«2  Procedures  for  De&»gu  Erydrpgraph  Pet       a__ 

From  the  studies  in  Chapter  5*  the  general  procedure  for  the  design 
hydrograph  determination  can  be  outlined  as  follows 

1.  Determination  of  watershed  characteristics 

The  delineation  of  the  watershed  on  a  topographic  map  and  the  determir^tion 
of  the  watershed  area  in  square  miles  (A),  the  length  of  main  stream  in 
miles  (L),  and  the  slope  of  the  main  stream  in  ft/10,000  ft«  (S)  are  tbe  first 
steps  in  the  hydrograph  design. 
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2.  Determination  of  the  hydrograph  parameters  t  and  K. 

The  time  to  peak  t  and  the  storage  coefficient  K.  are  determined  from 
the  multiple  correlation  diagrams,  Figures  5-6  aid  5-7  or  calculated  from  the 
regression  formulas,  Eqs*  5-6  and  5-7  <> 

3  c  Determination  of  the  shape  of  the  instantaneous  hydrograph 

The  ratio  %/t  is  calculated.  Using  this  value,  the  hydrograph 
parameter  n  is  found  from  Figure  5-1  •  ^2  shape  of  hydrograph  is  then  de~ 
termined  using  this  -value  of  n  and  Figure  5-2  or  Table  5"20  A  dimensionless 
short  duration  hydrograph  Eiay  then  be  plotted. 

!*•»  Determination  of  the  runoff  coefficient 

The  given  watex*shed  is  located  on  the  soil  asp,  Figure  3-5  and  the 
runoff  coefficient  is  selected  by  reference  to  Table  6-2 » 

5»  Determination  of  design  rainfall 

As  discussed  in  chapter  5  "the  short  duration  hydrograph  is  used  as  a  good 
approximation  of  the  design  hydrography  The  duration  of  this  hydrograph  is 
of  the  order  of  0.1  t  and  it  -was  adopted  as  the  design  hydrograph  because 
it  gives  higher  peaks  than  hydrcgraphs  of  longer  duration »  2he  correct 
application  of  this  hydrograph  to  a  design  rainfall  requires  the  generation 
of  a  hyetograph  of  design  rainfall  having  a  time  interval  e$ual  to  the  duration 
of  the  hydrograph o  The  summation  of  the  runoff  produced  by  each  of  the  incre- 
ments in  the  hyetograph  yields  the  hydrograph  corresponding  to  the  design 
rainfall  as  discussed  in  section  5-ko  Alternatively  a  unit  hydrograph  of 
longer  duration  may  be  derived  from  the  short  duration  hydrograph  and  then 
the  runoff  hydrograph  is  obtained  by  multiplying  the  oroloates  of  the  unit 
hydrograph  by  the  amount  of  rainfall  corresponding  to  the  longer  duration, 
as  discussed  in  section  5-k. 
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Because  of  uncerrtainties  in  the  values  of  t  and  EL  2nd  the  resulting 

possible  variations  in  the  shape  of  the  hydrograph,  an  alternative  simple 

semi-empirical  method  was  developed  for  the  determination  of  design  rainfall. 

In  this  method,  the  iesign  rainfall  is  taken  as  the  rainfall  obtained  for  a 

duration  equal  to  the  time  to  peal:  t  of  the  short  duration  hydrograph  or 

to  six  hours  whichever  is  the  larger  .  Shis  design  rainfall  is  then  taken  to 

he  applicable  to  the  hydrograph  despite  the  fact  that  its  duration  is  only 

Ool  t  .  Shis  method  tend3  to  overestimate  the  values  of  the  runoff  and,  in 
P 

particular,  the  peals  discharge;  but,  in  vie1;?  of  the  uncertainties  involved,  it 
is  considered  to  be  a  safe  conservative  procedure o 

Bis  procedure  is  first  to  use  Equation  5=6  cr  Pig.  5~6  to  estimate  the 
value  of  t  ,  Fig.  3~3  is  then  used  to  est       e  six  hovrs  rainfall  expected 
with  a  return  period  of  25  years  (or  Fig.  3~1*  for  a  return  period  of  50  years)  = 

If  -the  time  to  peak  is  larger  than  6  hours,  Table  3-^  is  used  to  obtain 
a  value  of  tha  design  rainfall.  If  the  time  to  peak  is  less  than  6  hours, 
the  value  obtained  from  Fig.  3-3  (or  3-J0  is  taken  as  the  design  rainfall. 

As  discussed  in  section  6.3r,  the-  design  rairfall  is  considered  to 
occur  with  a  condition  of  saturated  ground  so  that  the  amount  determined 
may  be  taken  as  equal  to  the  quantity  P  to  whict,  the  runoff  coefficient  can 
be  applied. 

6„  Determination  of  total  runoff 

The  total  runoff  can  be  determined  from  the  design  rainfall  by 
Equation  6-2 

Rap  r 

X 

that  is,  the  design  rainfall  times  the  runoff  coefficient  -jhere  both  P 
and  R  are  expressed  in  inches. 
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7=  Computation  of  aosucimum  discharge 

i  discharge  can  be  eom= 
5S  given  in  Table   5=4 
may  be  used  as  an 
estimate  of  peak  discharge  or  as  a  basis  foz  o       ng  the  design 
hydrographo 

8.  Plotting  the  storm  h. 

From  the  dimensionless  h:  ,  and  the 


Using  the  known  values  of  t  and  R  the  ma? 

P 

puted  from  Equation  5-3  or  from  the  numericel  i 
and  plotteo.  in  Fig„  5-5«  ^hs  value  of  0 


mav^imT^  discharge  %,  sgranh  ca 


for  small  watersheds  a 
is  a  sketch  diagr 
the  design  hydrograph< 
An  example  of  the 
Watershed:  Pleasant  I 


7-1 


juence  o£  yed  to  ob 


Watershed 

characteristics;  Drainag 


Hyd:  ograph 


Frcaa  Figure  5~6 
From  Figure  5-7 


Eydrograph  parameter  n: 
Since  1^/t  «  O.&L, 

From  the  Table  5~K    «**  * 


Design  rainfall,  Figure  3°1 
25-year,  6»hour  rainfall 


iJk.    -0-781 
6ko . 


i    as  5a8  hours 

P 


"l 


P    =»  3..?  inches 
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Design  runoff; 

From  Figure  3-5  and  Ms  6-2  Runoff  eoei  ;  r  «  0.70 

Runoff  R  «  0.7  x  3/5  *  2.t5  inches 


l&acisaim  discMrr-ge  Q 


Q  efs„ 

P 


3>  5' 


x  0.781 


7=1 


•t/t 


m 


0*2 

0.4 

0.6 

64.  to 

1.0 

100.00 

1.2 

1.4 

1.6 

3.0 

'(cfs) 


3.48 

6.96 

1,274 

704 

W32 

23*20 

*JSie  ■dimension.less  hyxirograph  can  be  obt;-.  m  Figure  5=2 

'She  derived  design  Vydrograjii  is  shown  on  I 
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Wtathtr  Burtou 
Tach  Papar  No   40 


SubtOil      PtrrrxatHlrty 

Map 


Topographic    Map 


Otttgn  Rainfall 


Runoff   Coefficient 


Watanhad 

Charoctarittict 

A,  L,  S 


FIG    7-  I     SEQUENCE       OF       COMPUTATIONS      TO       DESIGN 

STORM       HYDROGRAPH        FOR       SMALL         WA1 ERSHED 
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t     IN    HOURS 


FIG.  7-2       DERIVED       DESIGN       HYDROGRAPH ,     PLEASANT 

RUN       AT       ARLINGTON       AVENUE  ,     INDIANAPOLIS 


T»3  :  Beak  Discharge  Date:  a  Eydrosrsph 

yjxfc  Resists  of  ffrecjvjggcy  Amalyr 

te  reliability  of  bydrograpb, 

fre» 
ility  pei 

cm  -table 

maadLimaa  c  ethods 

.,  aay 
of  the  h 

2ab3  - 


■ 
graph  (cfs)  Latioa 


19 

11,800 

eviaUion 

1,970  cfs 

82 


The  mean  deviation  of  the  peak  discharges  from  the  design 
hydrograph  and  from  the  frequency  analysis  for  the 

•watersheds  studied  is  1,97°  cfs*.  3&  is  ©~  *ke  eame  order  of  magnitude 
as  the  mean  deviation  using  the  extended  formula,,  -which      id  cfso 
It  can  he  easily  seen  from  the  'Sable  7-2  that  the  peak  J.eu3 

from  the  hydrograph  design^  fax  general,  is  higher  than  those  frcm  the 
frequency  analysis,  this  agrees  Tilth  the  theory  of  instantaneous 
;graph  wiich  give  imit  of  the 
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SUMMARY  AND  CONCLUSIONS 
lo   In  the  frequency  analysis  all  available  past  observations  of  ann^ft!? 
peak  discharge  -were  plotted  on  a  probability  paper  using  Gumbel's  extreme 
value  theory.  A  straight  line  of  best  fit  -was  passed  through  the  plotted 
point  as  predicted  by  the  theory  of  extreme  values  0  Expected  floods  -with 
different  frequencies  were  obtained  by  extending  the  straight  line.,  Table 
4-1  gives  the  predicted  flood  of  25,  50,  75  and  100  years  of  frequency  for 
32  gaged  watersheds  in  Indiana . 

2.   The  geomorphological  characteristics  of  the  small  watersheds  are 
considered  to  be  the  dominant  factors  which  affect  the  peak  discharge.  The 
application  of  the  multiple  correlation  technique  to  the  study  of  the  rela= 
tionship  between  the  25  year  peak  discharge  and  the  geomorpholical  watershed 
characteristics  resulted  in  two  equations  for  the  indirect  determination  of 
the  25  year  peak  discharge .  The  first  equation  is  based  on  two  watershed 
characteristics  and  was  called  the  simple  formula .  The  second  equation  is 
based  on  five  watershed  characteristics  and  was  called  the  extended  formula  . 
These  correlations  are  based  on  the  assumption  that  the  climatologies!  and 
geological  conditions  are  reasonably  homogeneous  throughout  the  state.  The 
geomorphological  factors  considered  significant  ere:  the  watershed  area,  the 
drainage  density,  the  mean  relief  of  watershed,  the  main  stream  slope,  and  the 
shape  factor  of  the  watershed.  The  extended  formula  uses  these  five  geomorpho-= 
logical  characteristics  and  the  simple  formula  used  only  the  area  and  the  main 
stream  slope. 

3„   A  working  chart  (Fig.  4-2)  was  prepared  to  obtain  the  25-year 
peak  discharge  directly  from  the  five  watershed  characteristics,  for  areas 
from  50  up  to  250  square  miles.  As  shown  in  the  example  of  article  7-1  the 
design  engineers  may  use  the  design  chart  to  estimate  the  25~year  peak 
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discharge  -with  good  accuracy »  The  peak  discharge  vith  other  frequencies  may- 
be obtained  from  Fig*  U-3, 

ho      Bie  simple  formula  contains  only  two  geomorphological  factors?  A 
and  So  It  is  suggested  as  a  first  approximation .  A  working  chart  for 
this  formula  is  givaa  in  Jig-  ^lo  It  is  less  accurate  than 
the  extended  formula,  but  is  simple  and  rapid  for  the  peak  discharge 
determination . 

5o   Since  the  small  watersheds  used  in  the  peak  discharge  determi= 
nation  range  in  area  from  50-250  square  miles,  the  use  of  the  formulas 
developed  herein  is  recommended  only  for  areas  in  this  range » 
6*   2he  study  of  the  hydrograph  is  based  on  fundamental  concepts  of 
hydrology  o  ffiie  parameters  of  the  theoretical  hycrograph  of  short  duration  are 
correlated  statistically  tc  three  watershed  characteristics »  Equations  were 
derived  for  the  time  to  peak  (t  )  and  for  the  recession  constant  (K_)  of  the 
short  duration  unit  hydrograph  in  terms  of  the  watershed  area  A,  the  main 
stream  length  L  and  slope  S„  Prom  these  two  quantities  t  and  KL,  the  value 
of  the  hydrograph  parameter  n  can  be  determined  <>  The  value  of  n  completely 
specifies  the  shape  of  the  dimensionless  hydrograph  of  short  duration  „ 
7»   As  mentioned  in  chapter  5>  the  use  of  the  shape  of  the  short  duration 
hydrograph  yields  a  good  estimation  of  the  runoff  hydrograph  for  small 
watersheds.  It  is  also  a  safe  design  since  short  duration  hydrograph  gives 
higher  peak  then  the  hydrograph  with  longer  durations  <. 
8»  The  indirect  determination  of  t  and  K_  by  means  of  the  watershed 
characteristics  A,  L  and  S  in  formulas  (5°6)  and  (5=7)  is  only  a 
statistical  correlation  indicating  the  relationship  among  them  for  the 
studied  watersheds «  Other  methods  may  be  used  to  determine  t  and  K.  <, 
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9°   As  mentioned  before,  the  design  runoff  is  based  on  the  design  rainfall 
and  the  runoff  coefficient  corresponding  to  the  vatershed  location. 
Obviously,  the  worth  of  the  derived  design  hydrograph  hinges  in  a  large 
measure  upon  the  estimate::;  of  the  value  of  runoffs  Since  the  runoff 
coefficient  is  not  a  fixed  value,  the  estimate  of  the  total  runoff  may- 
well  vary  with  the  judga'or.t  of  the  individual.  The  suggested  runoff 
coefficients  in  SibXe  o=2  are  considered  to  be  conservative  . 
10  o  For  convenience  in  practical  engineering  design,  the  hydrograph  study 
has  been  directei  toward  making  the  design  procedure  as  simple  as  possible  0 
Most  of  the  required  data  csn  be  obtained  from  topographic  maps,  and  from 
the  workirj  charts  and  tables  presented  herein. 

11.  S-lnce  the  small  watersheds  used  in  the  hydrograph  study  range  in  a-?ea 
frc-±  2.86  to  100  square  miles,  the  use  of  the  procedures  developed 
serein  is  recommended  only  for  watersheds  between  3  and  100  square  miles. 

12.  With  reference  to  the  comparison  of  the  peak  discharge  determined  from  the 
design  hydrograpia  with  tee  results  of  the  frequency  analysis  (Art.  7-3 )> 

it  should  be  remarked  that  the  msedbaum  annual  flow  Q  determined  by  the 
frequency  analysis  includes  the  base  flow,  whereas  the  value  of  the  peak 
discharge  Q  determined  by  the  hydrograph  method  does  not  include  base  flow. 
However,  on  one  hand,,  the  base  flow  for  small  watersheds  is  usually  very  small, 
and,  on  the  other  hand^  the  instantaneous  unit  hydrograph  method  gives  an 
upper  limit  of  the  peak  discharge.  Consequently,  the  two  errors  tend  to 
compensate  each  other. 

13.  Strictly  speaking,  the  25-year  storm  does  not  necessarily  result  in  the 
25-year  peak  runoff,  due  to  variations  in  antecedent  moisture  and  other  factors. 
However,  for  small  watersheds,  this  variation  is  smaller  then  for  large  watersheds. 
In  addition,  the  hydrograph  method  assumes  that  the  soil  is  saturated  at  the 
beginning  of  the  rainfall.  It  is  thus  justifiable  to  compare  the  25™year  peak 
flood  obtained  from  the  frequency  analysis  to  the  peak  discharge  resulting 

from  the  25-year  storm  calsrclsfcea  by  -Sie  hydrograph  method. 
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(G  )   BIcp  dj-tch  naar  South   liarion,    ind 


Location    -  Lit  ^0°>^    ,    long   S7°06    ,    on    Lin*    between   a»=c3      15   and    ?2,    T     2*  N    . 

K     6W   ,    on  left   riant-   at  upstrcan  s.Jr    of  bridge   on    ->i  '•.*.    Highway  16.    ;    mllee 
upatr-;in    Crci   ;)Lp  31oU£?     >eek      J  ;r..ee   southeast    of  S:sutl'    tarion,    anc    5  miles 
southeast   of   Kensselaer 


Drainage 


-22  6  sq  mi 


.laps   -  -Konre-ordinj.-  #ige   Dec     31,   1^4'*,    to  Aug     L,    1955;    re^rling  page  thereafter 
Datum  of  ^age    is   6>3  3C   ft  above  n>;an  sea   level,   datu-ii  of  1929 

Sta^e  diacharre   relation, --Defined   by   current -retrr  ueaourenonta 


Peak   Stages  ard    Instartaneous   Annual    heak   tiacharpe 


Wate  r 
Year 

Oat* 

Gags 
Height 

TJischari'e 

'.  at-er 
Year 

Hate 

Gage 

Height 

u la charge 

Ci"3 

19A9 

?ob     15, 

191.9 

9   09 

U0 

1955 

,'ur.e  11,    1955 

10  16 

353 

19  50 

July  19 

195r' 

10  06 

A90 

19  ;6 

,pr    ;>,  r;5i 

10  75 

50A 

1951 

July     9 

1951 

11   A3 

610 

1957 

July  13,   1957 

10  36 

A58    ' 

1952 

June   1. 

1952 

10  BO 

556 

195rf 

line  1,   195'! 

750 

1"53 

July     5. 

195.' 

R  65 

yt\ 

1959 

.  eb     10,  IS  59 

A80 

195A 

.'me   <2, 

195'. 

8   12 

■3J9 

Reduced  Varlate  (Y3 


( "7  )      Irtvpjois    (iver  at  Koaebud,    Ind 

Location    ~Lat  U°02* ,  long  B7°U' ,   in  S"  l/i.   sec,   2h,  T     30  N,,    A     7  fc\.   100  ft 
dovns-rea:3  from  bridge  on   county   ro&d,    half  a  ail©  north   of  hoaebud ,   half  a 
mile  downstream  from  confluence   of  3wair.  and   i/exter  ditches     1.5  nil^s   upstream 
from  DavidBon  ditch,  and  2  miles  east  of  ran*. 

Drainage  area      -  30  3   sq  mi 

Gage.—Wonrecording  gipe   July   ^5,    VjU' ,   to  Sept     Jj,    1953;    recording  gage  thereafter, 
Datum  of  pa/*e    la   66l  Ul  ft   ai-ove   roe  an   sea.  level,    daturc  of  1°29> 

3tc»,'e-discharge  relation  — Defined  by  current  meter  measurements  below  330  cfe 

Flood   stage    —10  ft 


Pea*    Stages    and    Instant -ireou?    Annual    Peak    Discharge 
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Water 

Gage 

Tlschfirpe 

Vater 

Gage 

Discharge 

Year 

Date 

Pels*'. 

cf  3 

"ear 

Date 

Height 

cf» 

1949 

Feb     15 

1949 

6  15 

254 

195^ 

Jan      6,   1955 

4   84 

126 

1950 

\pr        Lt 

195C 

?3 

1,22 

1956 

«.-:      29,  1956 

c    65 

225 

1951 

July     9, 

19  51 

7  2 

215 

W 

:ir     28;   1957 

7  90 

29C 

1952 

Apr     23, 

1552 

7  3 

263 

195? 

June  1C,   1958 

308 

1953 

Mar     15, 

1953 

i  n 

■■*<. 

1959 

rnb     10,   1959 

343 

1  1954 

far     25, 

1951 

1.    59 

1  3C 

IROQUOIS       RIVER 


AT       ROSEBUD 

n  Ferltvi   (7 


Seduced  Varlate        (Yl 


(10)    Cicero  Cr*ei    near  Arcadia 

Location     -Lat  i.0°ll' „  long  86°00* ,   on  line  betwann  sacs.    18  anc    19,  T.    20  N  P 
k     5E-,   on  left  bank   on  downstnam  si.le  of  county  bridge,   li   rnilee   eaet   of 
Arcadia,  Hamilton  County,  and   S  mileB  upatrewn  from  little  Cicero  Creek 

Drainage   area    ■    131   eq..    ni 

Gage  Later  stagH   recorder        Datum  of  Pipe   is   815„12  ft  above  mean   sea   level 

Datun  of  1929        Prior  te    Doc*.    7,    1955,   wire  weight   Rage  at   same   site   ami   dituro 


Peak  Stapes   and   Instantaneous   Annual   Teak   Discharge 
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Date 


Gage   Discharge 
Height     cfe 


1955  July  16,  1955 
195t  -July  21,  W56 
1957     June  29,  1957 


1,230 
1,510 
6,720 


L95B 

1959 


Oage         Discharge 
Height  cfe 


June  15,   195R 
Pab.  11,   1959 


2,7W 
2,170 


CICERO       CREEK       NEAR       ARCADIA      ,        INDIANA 
Return  Period   (years) 


(II  )* 


;.oek  at   t'EJ"!*1*!    Ind 
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location   -~l,at  40°>2" ,   long  S7°I2   ,   on  line  between  3'4  eoc,   15  and  NW£  oec     22.. 
*  t.  28  R  ,  K.   7  k  i   on  left  bjnl    t.  downstream  side  of  bridpe  on  State  Highway 

16     2  3/fc   miles  upstresn   from  .ruth,   and  4  miles   southwest  of  Collepeville 

Drainage   Area    --48  1   3q  li 

Gage  .Nonrecordinp,  pape  July  26,  1948,  to  Dor.  11,  1051,  ami  let.  1,  1952,  to  Sept 
1955;  recorriijig  gape  since  Sapt.  6,  1955  Ddtujn  oi  Rape  is  640  37  aonve  mc'an 
sea  level,  datum  of  1929. 

Stage  discharge   relation.  —Defined   hy  current -meter  measurements 


Peak  Stapes  j.nd   Instantaneous  Annual  Peak  Dlecharge 


Date 


Gape   Ciecharp.e  |  Water 
Heipht     c'^      Ye.ir 


1949  Feb  15.  1949  10  14 

1950  Apr  4,  1950  13  3 
1051  JjIj  9.  W51  )0  92 

1953  July  6,  195)  9  21 

1954  *  June  22,  1954  8  95 


1  160 

1955 

1,W 

L956           'i 

: ,  790 

1957 

735 

1  1958           C\ 

655 

1  1959            < 

Date 
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cfs 

une      8, 
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9    80 
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pr    29 , 
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9  93 

1,040 
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■3  42 
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10, 

1959 

2.690 

CARPENTER       CREEK        AT        EGYPT 
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Legation. --Lut  41°1252",  Ions  87"29->6-.   m  IK  1/4  ME  1/4  soe,    W,   '     32  N  .  R     9  K 
on  loft  bank   lit.  duwnstreara  sido  of  county  M,;nway  hridi:c,   1.2  miles  upstream 
from    ,1-iplef.on  d\tch  and  2  3/4  rail:;    northwest  of  SchnsHer 
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Drainage    area      -54   5  3^  nil. 

OaSe      -Nonrcnordlnr  Ea*e  Jul/  39,   19/i'S,   to  D«c     31,   1951,   and  Jan     1,  1954,  to  June  10. 
1956;    r*    mlirv   r&r.e   sine?   Ji-nr     .1     1-/56        Datum  of  ga.ie   ia   627. 36   ft  above 
irean'ae.i    Level,   ciaUim  of-   1929   (levels   by  Soil   Conservation  Service) 


Sta-te  dla 

flo  *d     3t.li 


(id   relatioi     --Defined   by  current  meLf 

7  rt. 


*nts 


Stn/'ee    \nd 


il  a-itareoi.3    \nr. 


i  psl-    Discharge 
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1954 
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1954 
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1959 
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1954 
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WEST        CREEK       NEAR  SCHNEIDER     ,     INDIANA 
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(|4  )    Little  Calumet  Rivar  at  1  jrtor,   Ind. 

Looatiori,--Lat  U°37'18",  long  87°05'13",  in  NTS  lA  »«•  34,  T.  37  N.,  K.  6  W,,  near 
center  of  span  of  downstream  aide  of  highway  bridge,   three-ouarters  of  a  mile 
northwest  of  Porter,  and  1,-5  miles  upstream  from  Salt  Creek. 

Drainage  area.  —62. 9  sq  ml. 

Gage  — Nonreeordlng  gige  May  5,  19A5,  to  June  25,  1952;  recording  gars  thereafter. 
Datum  of  gage  io  603. US  ft  above  mean  aea  level,  datum  of  1929.. 

Stage-discharge  relation. — Defined  by  current-meter  measurements  below  2,500  ofa . 
Hating  subject  to  changes  throughout  ranjre  of  stage 

Flood  stage.— 7  ft. 


Hater 
Tear 


1915 
1946 

1947 

191.8 


Foak  Stages  and  Instantaneous  Annual  Peak  Discharge 


Date 


Gage       Discharge 
Height  cfs 


June  28,  191.5  9.88 

June  13.  191.6  6  99 

Apr  5,  19t7  9  1.2 

Hay  11,  191.8  9  10 


191.9 

May 

Xj 

191.9 

6.88 

1950 

Dae 

22, 

1.91.9 

8   72 

1951 

Kay 

11. 

1951 

8.11 

1952 

Nov 

u, 

1951 

7.92 

2.U.0 
715 
2,140 
1,960 
690 
1,720 
1,360 
1,060 


1953 
1954 

1955 
1956 
1957 

1958 
1959 


Dale 

Gage 
Hslght 

Discharge 

8ft 

May 

23, 

1953 

6  64 

521 

Apr 

26, 

1954 

8  32 

1,170 

Out 

10, 

1951. 

11  66 

3,110 

.Iri 

29, 

1956 

a  67 

1,370 

Ma- 

27, 

1957 

7.65 

8t8 

rob. 

28, 

1958 

1.90 

Apr. 

28, 

1959 

1,420 

LITTLE        CALUMET       RIVER       AT        PORTER    ,    INOIANA 
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(|5)   Hart  ditch  at  funster,   Ind, 
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Location.  --Lat  a°33'40",  long  87*28' 50",  in  N  1/2  sec.  20,  T  36  N.,  R.  9  *->  on 
left  bank  at  city  limits  of  Muneter,  a  quarter  of  a  mile  downstream  from  U.  3* 
Highway  41,  and  0.4  mile  upstream  from  mouth. 

Drainage  area.-— 69*2  eq  ad, 

Sage .-Recording.     Datum  of  gage  is  591.21  ft  above  mean  eea  level,  datum  of  1929. 

Stage  discharge  relation. — Defined  by  current -mBter  measurements.     Dredging  operation* 
assumed  to  have  occurred  between  April  1944  and  April  1945,  and  subsequent  filling 
have  affected  high-water  rating.  Backwater  from  Little  Calumet  River  and  possi- 
bly from  overbank  return  affects  stage  at  gage  at  times  during  periods  of  ex- 
tremely high,  flow 

Flood  Stage..-  -7  ft 

Remarks --Hart  ditch  is  tributary  to  Little  Calumet  River,  At  this  point  low  flow 

of  Little  Calumet  River  runs  west  into  Calumet  Sag  Channel  or  into  Lake  Michigan 
through  Grand  Calumet  River;  floodflow  at  times  runs  east  into  channel  storage 
or  through  Burns  ditch  to "Lake  Mlohigan 


Peak  Stages 

and   Instantaneous  Annual  Peak  Discharge 

Water 
Tear 

Date 

Cage 
Height 

Discharge 
ofs 

Water 

Tear                   Date 

Cage 
Height 

Discharge 
ofs 

1943 

Mar 

16,  1943 

6.95 

2,280 

1952           June  14, 

1952 

4  39 

1„190 

1944 

Mar- 

15,  1944 

7  23 

2,420 

1953          Mar     15, 

1953 

3  84 

960 

1945 

Hay 

8,  1945 

3  73 

^,270 

1954          Mir     25, 

1954 

4  25 

1,110 

1946 

Jan. 

b,  1946 

2.33 

780 

1955          pot,  11, 

1954 

7.83 

2,600 

1947 

Ap' 

6,    1947 

6  17 

2,490 

1956          >w~y     11, 

1956 

5  27 

1,550 

1948 

Mo 

11,    lr'4B 

5  txj 

1,950 

19S?          July  u. 

1957 

7  60 

2,060 

1949 

Feb 

l.i,   1949 

3   00 

850 

1953           June  10, 

1958 

960 

1950 

Dec 

■''-     1949 

4  8? 

1.S70 

3  959           Apr     28, 

1959 

2,670 

■VI 

May 

!      W<i 

5  01 

1.430 

HART         DITCH        AT         MUNSTER       ,  INDIANA 
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(17) 


ar  J'cCool.    Ind 


LnOEtion,     Lot  U^yUB",  Ion,;  H'forkO",   in  SEi  sec     6,  T     36  N   ,   R     6  W       on  left 

bank  or.  downrtream  side  'if  highway  bridpe,   50  ft  downstream  from  New  York  Central 
.iailroad  bridge,  1}   milei  north  of  HcCool,  and  1  5  miles  upstream  frorr  Little 
Calumet  River 

Drainage  area   --78  7  sq  mi, 

Oage    -Konrecordins  t^ge  Hay  5.  1945,  to  July  24,  1955;  recording  gage  thereafter 
Datum  of  tare  Is  594  10  ft  above  nean  sec  level,  datum  of  1929     (levels  by 
Indiana  r'lood  Control  and  '.ater  .lesourceo  Commission). 

Stage  4ischarpc  relation. --Defined  by  current-meter  meaouronents  below  2,300  cfo 
Flood   Btaga    -    10  ft 


Faak  Stapes  and    Instantaneous   Annual   Peak   Discharge 


Water 
Year 

Jate, 

Cage 
i:eiKht 

Discharge 
ofs 

V'ftter 
Yoar 

Date 

Gage 
Height 

Discharge 
ofs 

1945 

June 

29, 

1945 

10   L-8 

.990 

1953 

Kar- 

16, 

1953 

8  16 

454 

1946 

Jure 

13, 

1946 

11  27 

1 ,  28C 

1954 

Kar 

26, 

1954 

10  48 

910 

1947 

Apr 

5, 

1947 

11  83 

1,560 

1955 

net 

11, 

1954 

14  12 

3,180 

1948 

Hay 

11, 

1948 

12  3 

1,910 

1956 

Apr 

29, 

1956 

11.26 

1,280 

1949 

Feb 

14. 

1949 

9   23 

525      •    |l957 

Apr 

27, 

1957 

9  81 

725 

1950 

Rac 

a, 

1949 

12  02 

1,700          1958 

Nov 

lr, 

1957 

456 

.1951 

!'iay 

ii 

1951 

10  78 

970          1959 

Apr 

28, 

1959 

1,200 

1952 

r-'ov 

14. 

1951 

10  63 

912 

SALT       CREEK      NEAR       McCOOL         ,       INDIANA 

Return  Fr:riod  (years) 
5  K   50 


0  530  1<100 


*  5  Probability  -  percent 

^  ,1,.,,^,,,  I     i,,,,;        t  ._,..   .v..,'     ,.,,.   .■.      y 

Reduced  Variate  (Y) 
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(18)    BlK  Slough  Crie 


CoDageville,   Ind  . 


Location    -Lat  40°51',   long  67°09',    i.    SW{   HWJ    >ec      V.   T     2R  N        R     6  W       on  right 

tank   on  downstream  side  of  bridge   or.  Stats    U.chwav   53.   lj  miles   south   of  College- 
vllle.    2j  „1„  upatrean  from  mouth.,   and   2  3/1  miles  downstream  from  Rice  ditch 


Drainage  area 


1   sq  nil 


Cage   -^recording  gage  July  2S,    L9t8,   to   jec     31.    1951,   and   net,    1,   1052     to   Aug     2, 
1955;   recording  g.i  -e  since  Aug.    5,  1955       r>atura  of  gnge   is  637  75  ft  above 
mean   sen    level,   datum  of  1929 

Stage-discharge   ration.     -Defined   by  current-nete:'  ™>asursmente 


Peak    Stages   arid    insUntareoue    ..nnual    r's  ik    Di^tiarge 


Gage        Discharge 
Height  cfs 


1913 

March 

1913 

19-27 

1927 

19/.9 

•'«"'     15 

1949 

1950 

Apr 

1'  50 

L933 

.iwi,    li 

>951 

19'>3 

Ipr       1 

,  1''53 

1.1.5 


1   Vr'ater 

Cape 

Discharge 

T-, 

Gate 

Height 

cfe 

105/. 

1  me  22, 

105/. 

H   Si 

390 

L955 

Ji  no   li, 

1955 

12  2, 

1,100 

1-.»S6 

.   r     .'9, 

1956 

13  0 

1,2.70 

;  i)5  i 

1 '    !  i , 

1957 

12  96 

1,2.70 

.  /'•'! 

m    13. 

1958 

2,010 

L'  '    - 

H   r     .1 

1959 

1,010 

BIG        SLOUGH       CREEK       NEAR      COLLEGEVILLE    ,     INDIANA 
Return  1.  r'.od   (yL-ars) 
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(19)    North  Fork  of  7ernon  Fork  near  Butlerville,   Ind. 

Location.— Lat  39o02«55,^  long  85°32*W>",  in  SBfc  sac.  17,  T„  7  H.,  R.  9  B.,  on 
left  bank,  C  J  oil*  downstream  from  Muscatatuck  State  School  dam,  l£  miles 
downstream  from  Brush  Creek,  and  2  miles  northwest  of  Butlerville. 

Drainage  area  — 87-3   sq  mi  v 

Gage* — Nonrecordlng  gage  Feb.   16,   1942,  to  Aug.   18,  19*V2;  recording  gape  thereafter. 
Datum  of  gage  la  669.40  ft  above  mean  sea  level,   datum  of  1929. 

Stage -discharge  relation. — Defined  by  current-meter  measurements. 

Flood  stage. —11  ft. 


Peak  Stages  and   Instaneous   Annual  Peak  Discharge 


Water 
Tear 

Data 

Gag. 
Height 

Dlacharge 

Cf3 

V'ater 
Tear 

Date 

Cage 
Height 

DLcharge 

1942 

Apr     9. 

1942 

e  94 

2,560 

1951 

Nov, 

20,  1950 

15,98 

8,030 

1943 

Mar-16, 

1943 

17  79 

9,910 

1952 

Jim 

26,  1952 

13.18 

5,300 

1944 

Apr  11. 

1944 

12  63 

4,780 

1953 

Kar, 

4,  1953 

10  34 

3,260 

1945 

Max     6, 

1945 

18   72 

10,900 

L954 

Jar 

1,  1954 

5  58 

840 

1916 

Feb  13, 

19*6 

15  95 

8,030 

1955 

?eb 

27,  1955 

12.05 

4.300 

1947 

June  2, 

1917 

'  14  30 

6.330 

1956 

Mj.7 

28.   1956 

16.23 

8,330 

1948 

Mar  27, 

1948 

15  12 

',130 

1957 

Kay 

22,  1957 

17  04 

9,080 

1949    ' 

Jan  24, 

1949 

18  73 

1C.900 

195? 

July 

22,   1958 

7,730 

1950 

Jan     4  . 

195C 

17  90 

10  000 

195" 

Jan 

21,  1959 

26,200 

NORTH        FORK      VERNON        FORK       NEAR       BUTTERVILLE   ,     INWANA 

return   Period    (vtars) 


Reduced  Taxlate         (Y) 


96 


(20)    dirty  Creek  at  Hartsville,   Ind, 

Location.—  Lat  39°l6,25,!j  long  85c'42'i0»,   in  KWi  sec.  36,  T»  10  N0,  H.   7  E  ,  at 

downs-ream  Bide  of  left  abutment  of  highway  bridge,  a  quarter  of  a  mile  north 
of  Hartsville,  and  5  miles  upstream  fron  Duck  Creek. 

Drainage  area. — 88.3  sq  ml. 

Gage.-- Nonrecording  gage  Feb,  12,  1948,  to  Sept.   23,  1952;   recording  gape  thereafter. 
Datum  of  gage   ia  677*34  ft  above  mean  sea' level,  datun  of  1929* 

Stage-discharge  relation. --Defined   by  current-meter  measurements   below  6,000  cfo. 

Historical  data, --Flood  of  1913  on  Clifty  Creek  reached  a  stage  of  about  3  ft  higher 
than  the  KeKinley  (1897)  flood  according  to  a  report  in  the  Svening  Republican 
of  Columbus,  Ind„  dated  liar.  25,  1913-  (The  preceding  statement  vae  apparently 
for  the  Petersville  area,   about  6  miles  downstream  from  Harteville). 


Peak  Stages  and   Instantaneous   Annual   feak  Discharge 


Vater 
Tear 

Data 

Gage 
Height 

Discharpe 

CfE 

Water 
Year 

Data 

Gape 
height 

Discharge 
cfe 

1913 

Mar 

25, 

1913 

25- 1 

195/. 

Kay  27,  1954 

4.17 

635 

1948 

far 

27. 

1948 

8-48 

3,710 

1955 

July  8,  1955 

6-24 

1,760 

1949 

Jan 

5, 

1Q49 

13-4 

8,100 

1956 

June  22,   1956 

11.10 ^ 

5,890 

1950 

Jar 

4, 

1950 

ii  e 

6,520 

1957 

July  4,  1957 

9.28 

4,270 

1951 

Nov 

20, 

1950 

e  9 

3,910 

195* 

Kay     6,  1958 

2,700 

1952 

Jan 

26, 

1952 

11  5 

6,250 

1959 

Jan. 21,  1959 

11,300 

1953 

Mnr. 

l» 

1953 

5  57 

1,370 

CLIFTY       CREEK        AT        HARTSVILLE     ,    INDIANA 
Return  Period   (yii^rs) 

10  Z'j  50  1)0  ?00 


500        moo 


Reduced  Variate       (Y3 


(21)   ■"«"""    -r',cV   Bt    A'l>ui-n,    Ind 
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Location  --Lat  4l°21-,  lor.B  85°03'>    l"  SK  1//,  sec     29,  T     34  K       ii     -.1   a   .    -war    :entor 
of  span  on  upstream  side  of   Ninth   street  Erid/.s   in   .\uburn   and    ?  miles   jpr.tream 
from  I'eofctoert  ditch 

Drainage  area      -93   31  nii.,   ay<pro.iir.at.ely  . 

Gage       Nonrecorting  ra?e  July  30,  194'.',   to   ;ept     30,  1953;  recording  gap.e  ;.-,ere- 
aftur       Datum  of  r,*R»  If   847   Li  rt  above  aean  sea  level   (city  of  Auburn  bench 
mark ) ,. 

5t."io -discharge  relation.  -Defined  ry  current  -rater  measurements. 

'lood   stare      -f    ft 


Peak   stapes  and    Instantareous   Annual   Peak   Discharge 


Water 
Year 

Date 

Gage 
leiflht 

Discharge 
efa 

'."ater 
Year 

Date 

Rage 
Height 

Discharge 
cfs 

1943 

May 

19/.3 

9  8 

1,470 

1952 

!t     11, 

1952 

"  45 

?on 

19AA 

Apr     12, 

1'4A 

9  3 

1,230 

1953 

V.r        4, 

1953 

5   80 

471 

\%  5 

May     J! 

1 94  5 

9  13 

i  ,i;c 

19  4 

1  ir     i'j , 

19'.4 

7   57 

707 

1946 

June   I ■ , 

»46 

8   58 

?16 

1955 

Jan       6. 

1955 

"7.6! 

707 

1?47 

Ipr     21 

1947 

9  0? 

9S3 

1  ,-56 

»    '      '-  . 

1956 

8  85 

1 .  050 

1948 

Feb      ?8, 

1940 

H    5* 

9(  ■ 

1957 

■    r       6, 

1957 

6  89 

651 

194" 

Feb      16, 

1949 

V    21 

905 

1958 

Dec      ?0, 

1957 

54') 

1950 

\pr       '  , 

1150 

9  ■.'. 

1,5TO 

1959 

"eh     14, 

1959 

89C 

l.o  ;i 

* 

-1 

■'     ' 

;.',  i 

' 

CEDAR         CREEK        AT       AUBURN 

Return  Period   (vt'^rs) 


Reduced  Variate  CY) 
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(22)     Bean  Rl^eom  Creek  at  Dolan,  Ind, 

Location, --Lat  39°li.,30n,  long  86°29'57",  in  SWfc  aeo.  2,  T.  9  Na,  R.  1  IT,  on 

downstream  side   of  right   pier  of   highway  bridge  at  Dolan,    17  -5  miles  upstream 
from  mouth. 

Drainage  area,- -100  sq  ai, 

Cage   - -Nonrecording  gage  Apr.   3,  19^+6,  to  Sept.   27,   1951;   recording  gaga  thereafter. 
Datum  of  gage   la   576. <M  ft  above  moan  sea  level,  unadjusted, 

age-discharge  relations— Defined  by  current-meter  measurements-      Discharge  adjusted 
for  rata   of  change   of  stage  above   5  ft        Only  annual  maximums  adjusted   prior 
to  installation  of  recording  /»agec 

Flood   stage  .--15  ft. 

Remarks .—Flow  regulated   since   April  1953   by  Bloomington  Heservolr  (capacity, 

i,,6i,0, 000, 000  rallona)   l\  miles  upstrean;    peak  discharges  prqbably  not  materially 
affected. 


Peak  Stages  and   Instantaneous   Annual  Peak    Discharge 


Water 
Tear 

Date 

CSage 
I'elght 

Discharge 
era 

Water 
Tear 

Data 

Gage 
Height 

Discharge 
cf» 

191,6 

Kay  16,   1946 

13.0 

1,830 

1953 

Kar    4,  1953 

11  07 

1,320 

191,7 

June  2,  191.7 

17  8 

9,420 

1954 

Kay     2,  1954 

3  45 

361 

191.8 

Mar.27,  191.8 

13.5 

2,110 

1955 

Apr. 13,   1955 

11  63 

1  390 

1949 

Jan.    5,  19*9 

17,9 

9,060 

]  l<6 

Kay  28,   1956 

12.93 

1.740 

1950 

Jan.  4,  1950 

17.75 

8,740 

1957 

Kay  22,  1957 

15.78 

4,270 

1951 

Jan.  a,  1951 

15.50 

3,700 

1958 

Juno  14,   1958 

3,040 

1952 

lay  2»,  1952 

16.12 

5,100 

1959 

Jan.   21,   1959 

5,480 

BEAN      BLOSSOM      CREEK      AT       DOLAN 
Return   Fer-iod    (.years) 


$    1'6  '  &  '  Jfl',l.V)' &';&,d,"7b  '    'Bo" 96 '    '   '    '9596' 

J  $  Probability  -  percent 

-5  ..i... .i. 


1 "  -i " 


+— 


—t 


50        99V9 


Seduced  Variate  CY) 
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(23)    Pifieon  Creek  at  Hogback  Lake  Outlet,   near  Angola,    Ind. 

Loeatlon..--Lat  U°37'2V',    ion*  B^OS'W,    in  KK  X/L  NW  lA   eec.    36,   T.    37  N.(    It.    12  E., 
on  right  bank   200  ft  north  zf  lake  outlet,   2  miles  southeast  of  Flint,   and  5.1 
miles   *est   of  Anpola. 

Drainage  area, — 102   aq  ml,   105   eq  mi  prior   to  October  19^7. 

Gage. — Konracording   p;.i>:e   Oct,    16,   19/.5,   to  AU£.    3,   1953;   recording  pape  thereafter. 

Prior  to  Oct.    1.,   19^7,   at  site   1   )/2  niles  downstream  at  different  datum.      Oct.    1, 
19A7,    to  Au/*.    3,   1953,    at   site   600  ft  downstream  at  present  datura.      Datum  of 
preSTnt   gape   ia   9A0„00  ft  above   mean   oea  level,  dntura  of  1929. 

Sta,?e-<lia'charpe   relation. —Defined   by  current-meter  measurements  below  2J*0  cfe  at 
former   site  and  by  current-meter  measurentents   at  present   site. 


peak   Stapes  and    Instantaneous  Annual  Peak   Discharge 


Water 
Year 

Data 

Gage 
HeiRht 

Diecharge 
cfe 

Water 
Tear 

Date 

Cage 
Veight 

Diecharge 
cfe 

1946 

Feb. 

19, 

1946 

- 

220 

1953 

Kar.  19, 

1953 

9.30 

122 

1947 

Apr. 

24f 

1947 

10.71 

458 

1954 

Kar.  30, 

1954 

11.31 

317 

1948 

Mar 

2, 

1948 

11.79 

355 

1955 

Oct.  17, 

1954 

11.54 

339 

1949 

Feb. 

19, 

1949 

11.93 

366 

1956 

Kay   4, 

1956 

13.39 

548 

1950 

fcpr 

8. 

1950 

14.95 

744 

1957 

Apr.  14, 

1957 

11.29 

317 

1951 

Feb. 

24, 

1951 

12.50 

448 

1958 

Sept. 21, 

1957 

274 

1952 

Jan. 

21, 

1952 

11.85 

370 

1959 

Feb. 17-19, 1959 

442 

PIGEON  CREEK         AT        HAGBACK       LAKE       OUTLET         NEAR         ANGOLA       ,         INDIANA 

Return  Period   (years) 
1.01  2  5  10  2'',  50  100  200 


*>  'IB  '8P  '3'0  iL'O'gd  66    7b' 


10 '    '  95"'s* 

Probability  -  percent 


""^"""  "u" 


Reduced  Tarlate        lYj 


100 


(24)     flings 


« irbu  rg ,    Ind 


Location  --Ut  39  <?503",  ionr  86^:0  18'  in  SW  l/A  eec  5.  T  UK.?.  5  E  ,  on 
left  bJir.k.  on  upstream  jide  of  hi^hvsj  bridge  nslf  a  mile  southwest  of  Amity, 
2  milej   ^patrea.71  Trom   no.  th     an)    _S  miles   northwest  of   Srtlnburg 

D-ainage  arna   -  109  e^  rai 

Ga,*a  -••Monrecordir.p  p«pe  Dae  7,  194^,  to  June  29,  1955;  recording  pipe  thereafter 
Datum  of  cagp   is  670  2     ft  abovf  mean  sen  level,  datura  of  ^.929. 

Stage -discharge   relation      -Defined   by   currer.t -rsetor  xaaaurenente   below  7,000  cfs 
and   by  contracted -opening   mearur^raent   at   10,700  cfc 

Flood   fltapa    •   7  ft 


Peal    Stapes  and   Instantaneous   Annual   Peak   Dlflcharge 


Water 
Tear 

Data 

Hel^lt 

Discharge 

Cffl 

Vater 
Tear 

Data 

Gage 
Height 

Discharge 

Cfi 

w« 

Mar 

19, 

1943 

1C  40 

3,700 

1952 

Jan 

27, 

1952 

13  4 

10,700 

1944 

Apr 

11. 

1944 

11  00 

4,290 

1953 

Mar 

4, 

1953 

8  37 

2,080 

1945 

Mar 

6. 

1945 

11  00 

4,290 

l<^i 

Jan 

27, 

1954 

3  27 

443 

1946 

Hay 

16, 

1946 

9*o 

2,510 

1955 

!s«y 

28, 

1955 

6  2 

1,110 

1947 

June 

2, 

1947 

11   12 

4,390 

195* 

1-  ->v 

16, 

1955 

12.20 

7,790 

1948 

Kar 

27, 

1948 

7-68 

1,650 

i957 

July 

5, 

1957 

U.62 

6,510 

1949 

Jan 

5, 

1949 

11   9 

.  r',190 

1958 

June 

11, 

1958 

4,350 

1950 

Jan 

4, 

1950 

10  H 

L  .090 

1959 

Jan 

21 1 

1959 

6.;>70 

1951 

Jan 

t;, 

1    i 

- 

I 

. 

- 

. 

- 

- 

- 
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— 
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.  1, 
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I  "• 

■■+- 

r  , 

I      ! 

°0. 

r  ,H 

1     J 

\     1 

b   * 

■j  i 

0    li 

■  3 

S   l 

a   7 

0       8 

b           ?• 

9 

J  9 

'      9 

7   '    9 

i              9 

5 

99 

.5  ' 

9* 

,B 

99. 

9 

Reduced  VarLate        (Y) 


6 7 


C25) 


rp*1  :on''e    ':..V;  •■    ax, 


Locttlon       Lsl  J£   19'U",   lo-.fi  85  U'-'?V\    in  NE3    KB*    soc     H,    '.  33  H.  ,   tit  E.y   on 
left-.   banl<    10   ft  downstr<viiii  Tror     Ian  a',  'J'irpeuanae   i  ake   oir.lut    in  Oawpo,    3 
ntilea  eas*  of   Leesjmrg. 

DriLn£'»"~   ar-p.a   -  - 115   sq  mi 

Gagq    •   Nor.rccor^inj:  t:a,;fl  Oct,    1,   19i.9       c    tUifi.    11,    1953;    recording  pa/>e  thereafter. 
Datum  of  ;>""    J-*   ^30  00  ft   al-ovo  mran   see   lev-il     latum   of  1929 


Sta,?,e-dl9charrj  relation    —  B-*  fined  by  current-met* 
extended   to  l,u50  cfs  by  lonariU.raic   plotting 


aurt.Twn'.s   below  680  cfs   and 
Ke.mrka.  ■    .^e.i.1-    Jischur,;ca   nfrnrtr-.1   by  natural  aton^e   in  numaroua   lakes   upstream 


peak   Stages   aid    InstnnVL'.neanB   Annual   Peak   Diair-ar^e 


Water 
T«ar 

'.Hie 

Gape 
Height 

33 

cfs 

Water 

vcar 

Date                   1 

elpht 

rf  s 

19U 

Hay 

.-, 

19Z.3 

9  k 

1,050 

1955 

~ct        17,    195.'. 

<>   65 

700 

1950 

r.pr 

a    ir 

1950 

a  b* 

frjO 

1956 

:-ay  5     6,    1956 

a  os 

(.50 

1951 

ret; 

2?   V., 

1961 

I.'<0 

L957 

'pr  17  2:  ,1957 

7  69 

115 

1952 

Jan 

to. 

195Z 

370 

1951 

'ept.l,'     ..«,1957 

383 

1953 

l*ar 

22,23, 

195'' 

179 

L919 

)B;    1959 

SJ,8 

195i. 

S,pr 

29  JC 

1053 

' 

3  !2 

TIPPECANOE       RIVER        AT        OSWEGO      ,         INDIANA 

Return  Period   (years) 
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9 
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7— 

-    ^9 

.5  ' 

99 

S 
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Probability  -  percent 


Reduced  Va-riate  (Y) 


(26) 


North   For*: 


reek   near 


uocatlon       Lat  39  C9  r-(  ',    lonf   ■;£  i:G  1..'  ,   in  '■*'  '.,  t    a;       5     I     3  :!.,    1     2  S  ,    on 
rlgr  t   Iriinl    15  ft  uownstream  rrcua  oric.£fc   on  „t^te  r'ixhv.-o.y  Z.6 ,   lQO  ft  uoatr*ani 
fro./.  Scnoonei    ~,r»'ck,    C  7  raJ.*   northeast    if   Heimonl      6    1/2  "lilca   iij.atream  from 
Bru.Tce'i- Creek  ,   and    *:0  miles  u,s".r3.i^    from  aou'.h 
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Pvainafe 


i; 


aq   mi.    inci  ide:     trst    of   Syr.ooner  Creek 


-    Nonrccording  Rape   Arr     ;*,   1'  i 
Altitude   at  pare   is   546   ft   (f.*- 


let     S,    I951j    recording  gape   tr<»rvafter 
ngraphic  -ip) 


3t&ge-tiischarge   relition    --Je fined   by   current  meter  (rensurenents   below  9.8<>J  cfe 

Discharge  adjusted   for  rate  of  chinje  of  stag<»  above  7  ft       3nly  atinu-il  maxlmuM 
adjusted  prior  to  inatallitio-i  if  pecordin<?  page 


Pea*  Stages  and    Instantaneous   Annual   peak   Discharge 


Water 
Year 

Date 

Ga,-e 
Height 

Discharge 

Water 
Year 

late 

Gape 
Height 

Discharge 
ere 

1913 

Mar* 

1913 

25  7 

1953 

Mar 

U, 

1953 

17  76 

2.78X1 

191.6 

Hay    16, 

191.6 

20  3 

5,911 

1951. 

Jan 

27, 

1951 

9  38 

825 

191.7 

June     2, 

191.7 

21   2 

10,  1& 

1955 

"'.r 

21, 

1955 

15  91 

2.220 

191.8 

Mar    27, 

19W 

18  0 

3,01c 

1956 

Y'*.y 

28, 

1956 

18  12 

3,030 

19i9 

Jan       5, 

191.9 

2r    2 

'.^JOO 

lr'57 

'!  r 

1., 

1957 

19  92 

6,31.0 

1950 

Jan       1*, 

^950 

21   7 

11,600 

L9  S 

fi  na 

1/., 

1958 

5,920 

1951 

Feb     21, 

1951 

19  53 

5.100 

;0?9 

Jan 

21, 

1<>59 

12,000 

1952 

May     21, . 

1952 

22   55 

15,200 

NORTH       FORK       SALT       CREEK      NEAR       BELMONT    ,     INDIANA 


Reduced   Varlate 
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(27) 


. it;r   at  Schneider,    Ind. 


Location.  — Lat  U.°12 '**/.",  lonf  87C26,U»,   on  lir.e   &et>*en  t!E  lA  sec.   2i  and  NW 

1/4  sec;  22,  7.  32  *.'.,  It,  9  V.,  on  left  bank  15  ft  upstrean  fron  bridre  on  U.  S 
Highway  Ul,  half  a  mile  upstream  fr^.Ti  Bruce  ^itch,  1  1/2  railes  downstream  from 
Cedar  Creek,   and   1    2/3  miles  nor.h  of  Schneider. 

Drainage  area. — 122  en  mi. 

Cage  — ^onrecording  gage  July  28,"19L3,    to    Vug.    13,    1951;    recording   ra-e   thereafter. 
Prior  to  Oct.  1,  1949,  at  datujn   2.00  ft  higher       Datun  oT  present  «age   ie  623  67 
ft  abova  mean  9ea  level,   dRtum  o;'  1929. 

Stage  ritschargo   relation, — Defir.eC   by  current-aaeter  loeaaurementa.      Dredging   in  1950 
and  subsequent  floods   and  channel,  deterioration  have  materially  affected   the 
atage-dlscrarge  relation. 


Feak  Stages  and  Instantaneous  Annual  Peak  Discharge 


Wator 
lear 

Date 

,a  *r 
Height 

Diecharpe 

v.'ater 
Year 

Date 

Gafe 
Height 

Discharge 

191.9 

Feb     15,  1949 

55C 

1955 

ACt 

11,    1951. 

10,10 

953 

1950 

Apr    10,  195C 

- 

1,100 

1956 

Feb 

25,    1956 

9  62 

888 

1951 

Feb.    19,    1951 

850 

8U 

1957 

Apr 

28,   1957 

10  27 

979 

1952 

June  15,   1952 

9.82 

1,01C 

1953 

714 

1953 

3.39 

312 

1959 

Fen 

It,  1959 

992 

19  54 

/tor-    25,  1954 

9.01, 

E1C 

SINGLETON      DITCH       AT       SCHNEIDER    ,    INDIANA 

Return  Ferloi   (jrears) 
2  5  10  25  50  100 


"O  500  1000 


ft  jC'iiJa'Sb  £6    7o     W 5o~ 

*  J  Probability  -  percent 

■     ■     '     I     '    '     '     '  jS     I     ■     I     '     I*      .     .    J    I     I    1    ■     I _L 


^ 


+ 


+ 


9B 5T 

•u ■■  4 


75"  99.8       597? 


'o T 


Heduced  Variate  (Y) 
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(2  8)   fa3t   Fork   ''hiteviter  Slver  ut  Richmond,    lid. 

of  Richmond,   and   2  miles  upstrenm  froir  Short  (reck. 

Urelnape  area.— 123  sq  mi. 

_,,        _,„_    ,__     ->7     -0IG     io  ouly  26.    1949;   recording  gage  thereafter. 
^"•nlSTgtrif  M  ft^™   ST level,  da-  or  1,29  (level,  by  Indian. 

Flood  Control  and  later  Resources  Ccaisission) . 
Stage-discharge   ralatlon.  -Defined  by    current-  n.et ,,  measurement,   oelow   5,100  cfs  and 

by  slope  area  measurement  at  13,5' 0  c^. 

Flood   stage. ---10  ft. 

m.toriral  data  --Flood  of  Sopt»mb«r  1866  wis  reported  by  the   lndlancpilie  ;'°*"-n*1j£ 

b.  M.,her  Jha.,  ever  before  known       Flood  of  Harsh  1913   is  th.  "axiaaua  stage  know. 

according  to  information  by  locaj   residents. 


Peak  Stages  and  Instantaneous  annual  l'eak  Discharge 

Water 
Year 

Date 

Gage 
Height 

Discharge 
cfs 

V.'ater 

Tear                   Date 

Gage 
Height 

Discharge 
cfs 

1913 

March        1913 

15  0 

1955           Feb     21,  1955 

6  07 

2,540 

1950 

Jan    15,  1950 

12  49 

13,500 

1956          Nov    16,  1955 

10,70 

8,200 

1951 

llov     20,  1950 

10-82 

9,250 

1957            June   28,    1957 

10-54 

7,800 

1952 

Jan..  26,  1952 

10  66 

9,250 

195H          f.ug.     2,  1958 

10,400 

1953 

Hay     22,    1953 

6.53 

3,. '60 

19^9           Ja-».   21,  1959 

14,100 

1954 

Mar     30,  1954 

1.86 

1,160 

EAST       FORK       WHITE       RIVER         AT       RICHMOND    ,    INDIANA 
Return  Feriod    (years) 


i   < 


Seduced  Var-Uto 


(29)   °<>aP  Mvpr  at  Laku  CeorEe  Outlet  at  Hobart,    Ind. 

Location. --Lat  U°32'10",  Ions  87°15'25\   in  NW  1/4  sec.  32,  T.   36  N.     If     7  W      on 

rt^tlZ1!""  f"6  ?**$»*■  brid<^   300  ft  upstream  from  ruck  Creek, 
ana  /tUU  it  downstream  from  Lake    *eorRe  Dam„ 

Drainage  area.  —125   b^  rai. 

Gase.^^nrecordin,.  ^ape  4pr.  4,  1917  to  Jul,  29.  1952;  recording  gage  thereafter. 
Fiior  to  July  31,  1955,  at  Bite  ,.00  ft  upstr.au.  at  datum  11.80  ft  higher  than 
present  datua,  Datum  of  present  &„  la  588.17  ft  above  me*n  sea  lev S,  mL 
of  1929  (levels  by  Indiana  Flood  Control   and  Utter  Resources  Commission!. 

Stage-discharge  relation. -Definod   by  current-meter  measurements  belo«  3,300  cfe. 
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Peak  : .tapes  and   Inotantaneous  Annual  Peak  Discharge 


Water 
Tear 

Date 

Cage 
Height 

Discharge 
cfs 

Water 
Year 

Date 

Gage 
Height 

Dlechargo 
cfe 

1947 

Apr.     6,   1947 

5  41 

2,410 

1954 

Mar.    26,    1954 

4.55 

1,440 

1948 

May     11,   1948 

566 

2,740 

1955 

Oct     11,  1954 

7.68 

3,880 

1949 

Feb     14,  1949 

3.50 

620 

1956 

Kay     11,  1956 

11.15 

1,320 

1950 

Doc.   22,   1949 

5  35 

2,390 

1957 

July  14,  1957 

12.3J 

1,650 

1951 

May    11,  1951 

4.52 

1,440 

1958 

June  10,  1958 

720 

1952 

Nov.  14,  1951 

4.41 

1,340 

1959 

July  24,  1959 

1,970 

1953 

Mar.    16,  1953 

3.86 

912 

DEEP      RIVER       AT       LAKE       GEORGE      OUTLET     AT      HOBART  ,     IND 

Return  Period   (years) 
2  5  10  25  50  100  200 


SOO 


I      If 


jiwlin  j  ■...!,■  lift  n,!$  ,  il 


"50 -9T9T 

Probebilltjr  -  percent 


-"*" 


4-.-L 


Reduced  Tarlate        IY) 


'o T 
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(30)   pi';    r-rri  a       '**«•-*'     n*!    S^rydon,  Ind 

Location  —Lat  38°l6  35",  long  36"C6»  j-\  .n  a-  L/i  soc~  &j  1  3  3.,  R  i*  i. ,  on 
u;»otreart  side  of  bridpe  on  SLa  e  Fifth' fay  J35j  0o6  rale  upstream  from  ificjoon 
Branch  and  /»   i/'i  -rilee  north  0"    Jorydon, 

Drainage  area.— 12"  ?    in  ml  . 

Ga/o       .'Jonrecordin  :  &uge  Oct-    '-2  .  1"V  ,   to  Uuc     0,   1948;  recording  paRe  thereafter, 
:     Kan,  of  gaftfc  is   577.12    f>.  above   ra&n   soa   level,   datum   ot   1929. 

Stai^e  ^scharyB  r<-  la^ion.-  -Define      ;.'   c  arrant  -met  or  mcnsuran.snts  below  6,6*)0  cfs  and 
extended  bvio\  :   v    logarithmic:  plotting, 

';ir  to-lcii..  data.— Tlrml  of  tfar,    1',   1  /.3,    is  '-he  nay  i  rami  kno.n  at   Jury  don    itnce 
<  .-ii  nln,;  of  fCnoKledgc  in  18?-5- 


ages  airi    j  <ai  p  itsneou-i    Lnnoal   Iual    .Jiecnargo 


Watel 

'^ne 

Ye^.r 

Oat 

elKht 

19'.3 

i 

r 

:«." 

"   (, 

1914 

■  ?' 

'-• . 

" 

191.5 

■ 

].n' 

19 

19',6 

I- eh 

u, 

19t 

15.0 

_19i7 

■  ii 

U     3 

191  f 

]:  , 

.   1 

19  - 

19i9 

.., 

1    . 

'■'•'.' 

.      21 

195C 

■i 

9, 

195' 

16   77 

adtj-i  e 

*  ite 

Cage 

Discharge 

■  f.. 

a"' 

Da^e 

height 

rfs 

7  '"  C 

:  9  i2 

■:;-  ■ 

11, 

1952 

1?   75 

10  UXl 

;. 

"     1 

Iter 

3, 

1^3 

U    57 

5  400 

19   .'■ 

3i;>t 

;o, 

.      !, 

J'.   04 

t,'300 

'    "■   c 

19  ■ 

I  :-r 

l:  . 

1-J55 

1.-  90 

3  900 

•■  u-c 

"■•■•• 

-'  ' 

•15, 

1  ,  ;6 

lo  25 

7,  ISO 

n 

-' 

7J, 

'  , 

!  i  -.7 

16 .  32 

7,300 

V   I 

." 

•;->-/. 

19, 

U57 

6,590 

7.n'0 

■■ 

Jan. 

1 ;  59 

23,800 

BIG       INDIANA       CREEK       NEAR       LORYOON     ,     INDIANA 
Return   Feriod    (years) 

25    50 


>00  500  10O0 


Reduced  Varlate         CY1 
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(31) 


•ear  Rld,**/ille,   Ind 


•',   T     19  >i    ,    H     H   E   ,    on    right 
8  mile  downstream  from  Kurt   Creak, 


location    --La;  .0°17',    long  Oi^OC',    in  ...    ...  i,   a 

bank   10  ft  downstream  from  highv-a;    bridge, 
an.)   2   miles   east  of  Rldgevllla 

Drainage   srea    •    130  sq  al 

Gag"   •  Jlonr«or<1ine  Pije  Aug.   30,  1946.   to  Oct     3,   1950;   record  gage  thereafter. 
Datum  .,1    g„re    Is  965    23    "t  above   mean   se-,    level,   datum  of  19*9, 

Stage-dlacharije   relation.-    Defined  by   current   meter  measurements   be2oW  3.4CO  cfs 
Floon  atare. 1C  ft 

Historical  data. -local   resirtnnts   ataf  i   that   the   1913    flood   was   secondary   to  a 

flood    in  the  early  1930's   when    the    ,  lver   resrhed   an  eetlioate.l   stage  of  15  0   ft  . 

Peak  Stages  and    Instantaneous   Annual   Peak   Discharge 


Water 
Year 

Date 

Cage 
Height 

Discharge 
cfs 

'..'ater 
Year 

Date 

Gaee 
Height 

Discharge 
cfs 

191.7 

Jan 

30, 

1947 

11    16 

2,490 

1954 

Mar 

30, 

1954 

7  80 

1,020 

1948 

Jan 

1, 

191,8 

12  2 

3,1.80 

1955 

Jan. 

6, 

1955 

11   16 

2.490 

1949 

Jan 

5, 

191.9 

13   1 

4,560 

1956 

Ilov 

16, 

1955 

12  79 

4.-,00 

195C 

Feb 

14, 

3  950 

13   !, 

i,92C 

1957 

June 

28, 

1957 

14-57 

8,830 

1951 

fob 

21, 

1951 

12  75 

4.20C 

1958 

June 

10, 

1958 

13,900 

1952 

Jan 

20, 

195 

11    'X' 

3,250 

1959 

Jan 

21, 

1959 

1   1.20 

195) 

Car 

1, 

1953 

1'  00 

3,250 

MISSISSINEWA       RIVER        NEAR         RIOGEVILLE       ,    INDIANA 
Return   IVriod    (.wars) 


5'O0  1.)J0 


T 3 

Seduced  Variate         (Y) 


(33)    "anJtiks.    kivei    nea:    ;  orth    Li    'fly,    livl 


08 


Location  -Lai  /.1°  S'5-T',  lonp;  Fi6'i  b  ■  0'  ,  en  line  totwsen  aecj  il  and  23,  To  36  K,  , 
K.  1  V  t  w  l«*t  bank  at  dewratroam  sjoe  pf  bri»1j-e  on  St.  J  ^s^-ph  Couni.y  highway 
nauud   "Hew  Road.:l   U  nil  lea  northwest  of  :  oi-lh  Liberty. 

Oralnafic   area,  -—IS*!  oq  ml. 

Gags     -Konrecordinf  (tar^e  Jan.   12,  1953  ,    be    Juie  2?,    l   56;   recording  iwp*  thereafter 

Dat.un  of    'aj'e  is  ftfiCC/i,  ft  ebov«   -.ear    =ra  level,  datum  o_"  191?   .'levels  by  Indiana 
Flood  Control  and   :'ater  liecotreen  Ccrj..i:sic-n). 

Stape-discharfij  relation. --ilelaticn   affected  bj   varying  a-r.- -an. .  .  of  backwater  caused 

by  return  flov  from  overbirk   etiri^e.      Frequent   current    iaotor  T3.13U regents   necea- 
uary  to  tlsfinc  relationship  cu.-iii>  thio  period. 


Peak   stages  and    1j  s<  ai  taneouc    f;imual  1  eak   Ditsaliarge 


Va'.er 
Year 

Dat? 

Ca^a       i'- 
Feif.it 

1951 

May     11, 

1951 

6.15 

1953 

!,oV.    It, 

195: 

f  .97 

1953 

'tor.   i6, 

1951 

(,.45 

1951. 

/■cr     26, 

i  ■;,. 

1955 

'.ct     ".0, 

:.»5.i 

c  64 

Date 


Gage         Discharge 
Felfht  cfo 


19.-.C.  ,'rr  30,  l?j6  6,92              660 

1957  \ --.  ."•,  1937  6.90            6to 

lr.8  U.-.  20,  U57  560 

:.9f.9  '  i"  ?.l,  \  i>9  560 


RIVER        NEAR        NORTH       LIBERTY  ,    INDIANA 
Return  Feriod   (years J 
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Reduced  Variate  (Y) 
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(34)    Sand  Greet,   near  Qre-versvtlle,    Ind. 


Location    -  Lat  39°Or>,05'\  lonn  85°39'30",    In  N'V.'J   3e?     5,  T     7  N  ,  R     B  E  ,  on  left 

bank  at  downstream  side  of  count,}    highway  bridge,    2£  miles   west  of  Breweraville  , 
and   5   2  miles   upstream  from  Bear  Creek  . 

Drainage  area      -156  sq  mi;  153  ao,  ml   prior  to  Oct     6,   1952, 

Gage.--  Nonrecording  gage   Feb.    11,,    19^,    to  let      5,   1952,   at   bridge   1„7  miles  upstream 
at  datum  approximately  8   ft  higher,      Kecor^in^  gage   since  Oct,    6,   1952,    at 
present   site        Altitude  of   prosent  gare   is   630  ft   (by  altiwter). 

Stage -discharge   relation. — Defined  by  current -meter  measuremwnte   at  former  site   and 
by   gage  -height   relationship  with   farmer  site  at  present   location 


Peak  Stages  and   Instantaneous   annual   leak  Discharge 


Water 
Year 

Date 

Gage 

Height 

Discharge 
cfa 

Water 
Year 

Date 

Gage 
Height 

Discharge 
cfe 

1948 

Mar 

27, 

191.8 

17  5 

9,980 

L954 

June     1,    1954 

5  75 

1.240 

191.9 

Jan 

5- 

191,9 

19  0 

l^'.JOO 

1955 

Fab     27,  1955 

11  42 

4  300 

1950 

Jan 

4, 

1950 

19  2 

12, tOO 

1956 

M«y  28,  1956 

15  45 

7,560 

1951 

Nov 

20, 

1950 

18  4 

LI, 100 

1957 

Apr        4,   1957 

16.33 

8,480 

1952 

.'in 

26, 

1952 

13  4 

5,780 

1958 

July   22,    1958 

7,150 

1953 

tor 

4, 

1953 

10  19 

3,160 

1959 

Jin.    21,    1959 

19,900 

SAND        CREEK       NEAR        BREWERSVILLE 

Return   K  rio.1    (years  ) 
5  :  1  Vj 


5    16  '  20   36  W  to  £6 170 
I  il 

■■I    f  ■■■■■'■ 


Probability  -  percent 


-H- 


9775        ?579 


Reduced  Variate 


(35) 


10 


Lo<:atlor  lat  40°27  ,  long  -5°J7  ,  en  lira  - 
on  left  bank  az  downatitiam  jl:'"  >!  >rldi 
of  f-reentown 


and  10,  T     23  N   ,  i:     5  e 
•;iy  K),  15  nlles  south 


r.lnage  area        162   sq  ni;   x?2  so  mi  prior  to  Jim        ,    19; 


;age  '.hereafter 
II,    rt  lower  than 
G."i   level,   d-ituro 


Gage,  .-f!onreeorc'iiii»  rare  Feb.   20,  io/s(  to    Ttn^ 
Prior  to  Ju-i»  5,   1954,  at   Kite  :    C   nilr-s    :o 

Stos-e.dlachar.'e  rolatioi        Defined   hj-  current  ret  t  maasuroments 
Flood    sta^e        11    i t    nl    both    sites 

'  ^'"i'""'.    a'"-,      "T''  r°Jl0'  "''"  ""    "    ''■    '^';lr  in   ,W  newspapers  ror  Kokora, 
-bout.  9  mil.!,  downstrean  Tt  -...■      »65:      ..uudcat  Creel   racing;   ho  train 

for  1  Jays   ■      1904:      "Great  i    I   !       >1  ir.  Kokono  l-13-,nry  •• 

Flood  o/   »u»uBt   V?l   rejertd   a   st.aw  3   .nches  below  that   of  the  1913 
llnod  at  a  bridrr  1J  miles  downstream  from  present  site  according  to  informa- 
tion  by   local    resident  on   the   basis   of   remembered   high  water  narks   male  on   the 
aarrw  tree 

Peak  Stapes  and    Instantaneous  Annual   PeaV   Discharge 


Kiter 
Year 

Date 

Cage 

Height 

Discharge 
cf  s 

.feter 
Year 

Uste 

Gage 
Height 

Discharge 
cfs 

1943 

.lay 

1943 

15  C 

5.960 

195.7 

'<ar. 

11 

1952 

11   52 

2,580 

1945 

Apr 

1,   1945 

10  04 

1,680 

19S3 

Var 

4. 

1953 

10  31 

1   810 

1946 

Oct 

2     1945 

9  94 

1,641 

1954 

■\pr 

12, 

1954 

5  03 

450 

1947 

\pr 

30,   1947 

10  94 

2,140 

1955 

Jan 

7. 

1955 

10  CO 

1   6«5 

1948 

M*r 

22,    1948 

11  t  ■: 

2,670 

1956 

Kay 

28, 

1956 

9   97 

1,650 

1949 

Jan 

'9     1949 

1      19 

4.110 

!■  57 

^- 

,957 

1?    17 

2,260 

1950 

Jan 

4.    1950 

15  3 

6,;sc 

1950 

.'1  r.e 

IC 

1758 

4,900 

1951 

"eb 

21      19  SI 

10  7 

2  .020 

1  «"■ 

rel 

10 

1959 

5,390 

WILDCAT       RIVER  NEAR  GREENTOWN     ,      INDIANA 

Return   Period    (y.irs) 


$  700C- 


o.l — I S    lo  '  20-    T'O'.li'V  io"£6    76      Bo  93  95  ' 

J  i  Probability  -  percent 

!       .    .    ,    .       ...it,,,.,?,,        I    ,    ,       .    ; .     ,        1    ,    . 

Seduced  Variate  CY3 


S"7b 9?79 


(36) 


nrtville,    ind 


III 


ocatior.  La*.  39° -"7  15"..  long  S5C5.' 
lar.l;  *  il^wri3t»an  side  of  bridp 
Llcl      ree<   i.r.c   .-  -"..lea   noithm.t 


,    In  o  ■■:     5 ,   T     17  ..       3     6  E  ,   on   right. 
Jtstr    ri-Thway   238,,   1  r.lle  dov.nstreaw  from 
Fortville 


Drainage  area       17?  si  mi 

GagB.-NonrBOoraing  r.ase  July  1,  J9U     to  June  26,  1942;   recordlnf  jaw  thereafter 
Datum  of  jape   La  787  43  «  si  ove   »an  sef    Level,  datun  or  1929  (levels  by 
Indiann.po.ii3  \  ater  J  3   } 

Stage-dlHcharge'  re!!  ition     -DoJ    "  "! 

Flood  at..,-'       -o  ft 

Historical  dat.j,- -Flood   of  1913   r 
tion  from  local  resident. 


Tent   meter  measurements 


Are   o~   about   12    feet  according   to   inferma- 


Peak 

St-SCOS 

and    Instant-a 

leous   Anr 

Ui.1  Peak 

Hschar 

r,e 

Water 
Year 

Date 

Cape 
Height 

niach=.r^e 
cfs 

Vater 
Year 

Date 

Gap,e 
Height 

Discharge 
cfs 

191.2 

Vur 

17:    191.2 

7   39 

2,4',0 

1951 

Teb 

22; 

1951 

8  36 

4,250 

1943 

H'.y 

18     L943 

•)  77 

8,51,0 

1952 

,'an. 

27, 

1952 

6.-85 

2  000 

1944 

Apr 

l:      1944 

8   F9 

5 .  OC  J 

1953 

J  :ly 

6, 

1953 

3  14 

3,850 

1915 

June 

17,   1945 

6  86 

1,840 

1954 

liar 

30. 

1954 

5   50 

1,140 

191,6 

Oct 

2,  191.5  - 

6  87 

1,840  • 

195  5 

Jan 

6, 

1955 

5    IS 

1,260 

191.7 

July 

15.  191.7 

7  25 

2,250 

1956 

!  -t 

28, 

1956 

7  93 

3,130 

191.8 

Xar 

24,  191.8 

7  97 

•",500 

1957 

June 

29, 

1957 

8.12 

3.430 

191.9 

Jan 

ii,  1949 

i   L9 

::,•>  50 

S !  it 

.'  jne 

14 

1953 

5,040 

1950 

Jim 

..    1-5'- 

1  ,59 

3  .010 

FALL        CREEK         NEAR        FORTVILLE 

Return  Period   (yvirs) 

?  5  10  Vj 


o "', 


Reduced  Variate  (Y3 


(37) 


12 


Location   --Lat  39tV>W)",   lnn^  "6,Jlr>  C?*'a    in  !!>.'»,    sin     ',,    ','  L5  1     „  u     3  ]•    ,   on  ripht 

tank  at.  downstream  BifV    af   brldpg   on    .ynnhurst   Drive,  3  0  miles  upstroan  from 

Little    Eagle  Creek,    5  0  rciJeo    uaet   o.    ^eminent  Circle  in    Indianapolis,     ind 
b  7  miles  upa'^ream  from  moutl' 


Drainap;* 


17 


3q    ml 


Stape  d'.aaharfce  relation  — Defined   t>i    c    r  -  ■*   iL    -,  *  . 

extended  above  on  basis  of  a  conbi.no' 1    surreut    met 
ri«a«urement        llgh-wator   relation    nan    sMwn  a  ten 
shown  for  the  1913  flood   is  an  opiwvclnsate  valu« 
of  an  ear?y  ratine,  cupvo  ahove    ?   ».X'  r  r: 


Vi   '."1  iw  V.'XO  cfa  and 
-(■-rut    ixnd   aJ  op- area 
shift        OischaPRB 
Mpur  ■  tl.nic  r-xtanilon 


Histo-ical   data      -The   folio *in.ff   Info 
Creek  at   Indianapolis,    Channel 
Control  and  Water  Resource?  Com 
on  past   flood  in  r,  by  sefireh'nf:  r, 
examination  of  old    surveys   and 
Eagle   Crer-k    in  137*,    19Gfc,    1913 
accounts  of  flooding  on   other  s 
flooding  probably  al; 
"It  ie  probable 
floods  on  the   stream 


flood  of  July  1915  was 


istion   wae   obtained  from  a   report  c 

;p---      nents    Tor  Flood     'antral"   by    I 

snior  ,    inted  February   L95&:      "Love 

apnj>er    files,    ir tcirrogation  of    'oc 

ports,    Lrtdic.-ito    ti«at    flood;!  rip  uxn 

191*,    V)2h.    1933,    19A3,    and   1V50 

on   other  stre'.ne     in   the    Jndlarru,-.lifl   aiea   intli 

o  occurred    in  lf-.',7,   1358,    1B66,    188^  aod   1«R3 

tha-   the    floods  of  i87S  and  1904  were  amonfl  th 

paper  acct-untJ   and   weather  records    indis 


along 

spaper 
that 


riy 


that  Df  March  191;) 


Pea>  Stages  anrl   Instantanso  i 


al    Peal-    Dlacharg-i 


Water 
Year 

Date 

Cage 
Helpr.t 

Dischari»o 

Year 

D-ae 

0a8e 
Hei/'ht 

8  1.7 

Dlacraige 
cfa 

3,370 

1913- 

March 

1913 

16  & 

19,000 

;  171.7 

.Ian. 

3.) 

19V? 

1938 

April 

1938 

14   5 

'  191.8 

\|>r 

6, 

191.8 

12   26 

9.550 

1939 

Mar 

12 

1939 

10  6 

6,610 

lii.9 

Ian 

19, 

171.9 

11   86 

7.250 

191.0 

Ifar 

3 

191.0 

6  30 

1    S6 

1750 

Jt.n 

4, 

1950 

13  03 

8, .670 

19U 

June 

12 

1941 

5-77 

1    1,70 

1951 

?<t, 

2] 

1951 

8   (.7 

1   950 

1912 

Fab 

7, 

191.2 

S  (.6 

.'..120 

1952 

.!.„ 

27 

1952 

9   88 

5 . 5  *3 

191.3 

May 

11. 

191.' 

12  17 

J.  66' 

1><53 

1953 

9    34 

1.  920 

1944 

apr 

11 

1944 

10  M 

■'  ,61C 

I--.. 

pr 

6, 

1^51. 

(  u 

3,250 

191.5 

M.tr 

')  . 

191.5 

?   8'J 

II 

r.,ly 

li 

1955 

6   9. 

.•  650 

191.6 

*.v 

17, 

Win 

R     W 

'   81 

i  195V 

1  158 

''J 
J„nn 
Aw 
Jan 

<>1 
23, 

a, 

.'  , 

1V56 
19  57 
1958 

1959 

1J   62 
16   18 

9,920 
28,800 
8,560 
6,290 

EAGLE       CREEK       AT       INDIANAPOLIS    ,     INDIANA 
Return  Period   tVars) 
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Probability  -  percent 


Seduced  Varlate  (Y3 


(38)    ■)llJ"     i/erat   Carthage,    Irai 
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Lo-ation      -Lot    >9  i.6    ,   lonF    »«°1J     .    in  aec     is,  1      15  f:  t   H     9  !■.-  on  rlpht  bank 
500  ft  upstrtaiti  from  hiffhvaj    bridge,  httlf  &  mile  west,  of  Carthage,   and  2  £ 
mllaa  downstream  frcii  Three  Mile   Creek 

Drainage  area.-    1B7  sq  mi 

Cage  -Nonrocordinr.  gaffe -Oct  11,  1950,  tc  July  13,  1951;  retarding  gage  thereafter 
Prior  to  July  19.,  1951,  at  bridge  500  ft  downstream  Datum  of  gage  is  859  33  ft 
above   iiean  Bea   level,    datur.  of   1929. 

Stage -discharge  relation. — Defined   by    currant   meter  measurements 

Flood   Btage      -7  ft 


Peak  Stages  and   Instantaneous   Annual    Peak   Discharge 


Water 
Yenr 

Date 

Gage 
Height 

Discharge 

Cfb 

Water 
Year 

Date 

Gage 
Height 

Discharge 
oft 

-191.9 

Jan 

5, 

191.9 

10  6 

5,750 

1955 

Jan.     6,  1955 

5  97 

1.290 

1951 

Feb 

21, 

1951 

11  2 

6,650 

1956 

Nov     16,    1955 

11.52 

5.800 

1952 

Jan 

27, 

1752 

11   02 

6,150 

1957 

June   18,    1957 

9  77 

3,900 

1953 

Mar 

4, 

1953 

9  17  , 

3,580 

1958 

Jure  14,    1958 

7,020 

1954 

\pr 

'. 

1954 

10  02 

4,850 

1959 

Jan     21,   1959 

8,340 

SLUE        RIVER        AT       CARTHAGE      ,    INDIANA 

Return  F.rlol   (years) 


?0O  500  1OO0 


±— ^i 


Reduced  Variate        CV3 


(JQ)   :ilve.-   "i«k  near     el  .e;-sov-.-» 

I     ■     ..<■     ill    •      Ion      S3    -'       5',    inflWi    Lot    bS,    liark   K-litary    '.rant,   cm 
riMSant    -™,   2  «  nilea   scut!    -■   •     >f  lielle-sburg,  and  ].        milea  upstream     ra 


B»Uth 

Drains  ns  a:-e;    -  -lc >'   aq     "---i* 

uagi.-- Wire-weigh*    gag"  ""d  tvl«    '•''-• 
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Peak   Stores   &nH    In  »tir&a.naoua 


,1    "eAl-:    Disc,  i-pe 


Water 
Year 

Date 

Cage 
1  eight 

L  is:  lari 

c  's 

qw  • 

Gape         Discharge 
I>ate                   Feirht              c;'e 

1955 
IS  56 

-95.7 

Fet     22.    -95  5 
fob       2,   155* 
:say     2j,  1957 

U,  i2"> 

5,250 

195J 

,LV     19.    19f7                                5.060 
Jan     £2.   1919                          19,000 

SILVER      CREEK      NEAR      SELLERSBURG    ,     INDIANA 

Return  Ftriod   (ytars) 
2  5  2$  5C  10C  200 


;oo        iiwo 


Reduced  Varlate         (Y) 


,y 


(40) 


sror,   Creek   near  Carlisle,    Ind 


Location.  — Lat   3B°58  10",   Ion/;  87°  .'5   35";    In  w{    sec      17,    t     6  «.,    1     9  W   ,    on   right 

bank   10  ft  dowistraa.il  from  br-.d<;e  on  State  Highwiy  58,   lj  miles  northwest  of  Car- 
lisle,  and   6   3/4  miles   upstream  from  mouth. 

Drainage  area   --228  aq  mi. 

Gage  .-  Nonrecording  gage  Oct.  15,  1943,  to  Nov.  7,  1950;  recording  gage  thereafter 
Datum  of  gage  le  LZ5.it  rt  above  rean  sea  level  (State  litghway  Department  of 
Indiana   bench  mark) 


Stage-discharge   relation.    -Defined   by  c 

extended  above  by  loparithmic  plotting 

Flood   atage.--12  ft 


nt -meter  meaauremBnts   below  k,5CO  cfB  and 


peak  Stages  and    Instantaneous   Annual   Peak   Discharge 


Water 
Tear 

Date 

Cage 
Height 

Discharge 
cfs 

Water 
Year 

Data 

Cage 
Height 

Discharge 
cfs 

1944 

\pr 

12. 

1944 

16  96 

4,700 

1952 

Kar 

11, 

1952 

16  17 

4,070 

191.5 

Apr 

2, 

191.5 

17  60 

5,  WO 

1953 

Mar 

4, 

1953 

16.04 

3,890 

1946 

May 

20, 

1946 

14  90 

2,900 

1954 

lug 

4, 

1954 

o  11 

430 

1947 

,'une 

2, 

191.7 

14  60 

2,720 

1955 

Apr 

13, 

1955 

13  13 

2,040 

1948 

J  *n .. 

3, 

1948 

15.15 

3,100 

1956 

June 

22, 

1956 

16.12 

3.980 

191.9 

Jan, 

20, 

1949 

16.3 

4,200 

1957 

Hay 

23, 

1957 

17  61 

5,200 

1950 

Jan 

5, 

1950 

20  05 

8,800 

1958 

Dae 

21, 

1957 

5,400 

1951 

Feb 

21. 

1951 

14-75 

2,100 

1959 

Jan. 

22, 

1959 

3,100 

BUSSERON       CREEK       NEAR      CARLISLE     ,  INDIANA 
Return  Feriod   (years) 

2'j  SO  1 


XI  ?00  lcioo 


5    lb    &  'ft'tlO  go  ft 

i  ■  i  i  i  .  i  •  i|S  i 


88 90 "951 

Probability  -  percent 


i""'-'o-''-'7 


Reduced  Vaxlata  <Y) 


(41)     Lau^l. ery   Cra*  k   r.e-.r  t'orera   .-let real,    Ind, 


116 


Location.—  Lat  36°57-05",  ir.ng  85  0>\  22",    in  hoc.   2,   T«   U  U.,  K.   3  W.,  on  right  bank 
2  miles   southeast  of  Fanners   ['.etreat   and    3    ~>/U  "iil<*9  riovn  stream  from  rtaar   Creek. 

Drainage   ar*j&. — 2/*tf   so   mi. 

Ga^e. — Nonracordin^  gaje   Oct.    3,   19^*0,   to   ,\,r,    15,    i.9U-i    recording  gage   thereafter. 
Altitude  of  rapf*  is   52o  ft  (by  baronet «r) 

St  i^e-discharge   relation. — Defined   by   currp-it-rreLor  mR&sureraenty   below   LL,OOC  cfa. 

Flood   Stage.-  13   ft. 

Historical  data. — Flood   of  18V7   reacved   a   Btape  of  about   lfl   feet  and    is   the  highest 
known   flood,    front  infor*nation   by   local   resi'iantSu 


Peak  Stages  and  Inst -mtorieous   iVxmual  Peak   Uiachar 


Wator 

Gage 

Discharge 

Water 

Gage 

Liacharge 

Year 

Date 

Feiptit 

cfs 

Year 

late 

Height 

cfs 

1941 

June  9 

or 

10,1941 

9  62 

3,960 

1951 

Jan* 

3, 

1951 

13  50 

9,660 

'  1942 

Apr 

9, 

19/.? 

13,91 

10,800 

1952 

Mar 

10, 

195? 

13   46 

9,660 

1943 

Mar. 

19, 

1943 

14  50 

12,900 

1953 

K&y 

17, 

1953 

9  44 

3,960 

1944 

Apr 

11, 

19;..', 

13,16 

8,380 

1954 

:4ay 

3, 

1954 

3  99 

640 

1945 

Har 

6, 

1945 

15  54 

17,000 

1955 

Mir  . 

21. 

1955 

13  88 

10,800 

1946 

Feb 

13, 

1946 

12  7>' 

7,98(1 

1956 

Hay 

28, 

1956 

14  45 

12,500 

1947 

May 

25, 

1947 

14.62 

13,30 

1957 

July 

5, 

19  57 

16   15 

20,200 

1948 

Af  r 

12, 

1948 

1?   01 

8,410 

1958 

July 

22, 

1958 

17,000 

1949 

Jan 

24, 

1949 

15.23 

15,700 

i  ;y 

ian 

21, 

1959 

47,800 

1950 

Feb 

1 

19  5<~< 

1'   03 

1     ,80 

IAUGHERY        CREEK        NEAR        FARMARS        RETREAT    ,    INDIANA 
Fjet'-irr.   F  r-  v\    (yi  ars  I 


500  1,«J0 


Reduced   VarlaU?  (Y) 


(  4  2  )    P&toka  diver  fit  .'asper     Ind 
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Location    - -Lnt   38°2.Vi.9",   long  86°52  ,.b",    in  3E£   sec     20,   T     1  3    ,    K     i,  W   (   on  loft 
bank,   0  3   mile   upstream  from  unnamed   outlet  o:*  Jasper  Lake,    1   0  mile  downstream 
from  Coon  Seltz  brinpe^   1,2  mile^   cownetream   from  Beaver  Creek fi   and   3   3   miles 
northeast   of   Jasper 

Drainage  area    —257  an  ml;    270  aq  mi  Bt   former  sitd 

Gage    --Nonrecording  gage   Nov     20,    19'*7,   to  Sept     17,   1956;    recording  gage   thereafter 
Prior  to  Sept     18,    1956,    at  site   5  6  miles  downstream  at  datum  0  3*»   ft  lover; 
datum  of   present  gape   ie   UUd  19   ft  above  nein  sea   level .    datum,  of  1929 

Stafc-e  discharge   relation. --Defined  by   current  meter  measurements  below   5.000  cfs  at 
former  site  and   below  1,100  cfa   for  present  site., 

Flood   stage    — ltt  ft;   9   ft  at   forme-   site. 

Historical  data.    -Flood   of    larch  1913    is  maximum  stare  known.      Maximum  stage   at 

present   site   for  period   1975-57,    20  ft    in  1925   (information   from  local   resident). 

Remarks. -—Flow   slightly   regulated   by  Eeavor  Creek    iieservoir,    whose   outlet  enters   the 
Patoka   River  1.2  miles  upstream  from  the  gire;    pea>   discharges   not  materially 
affected  w  - 

Peak  Stages   and    Instantaneous   Annual    Peak    fnecharge 


Water 
Year 

Date 

Cage 
Height 

Discharge    i 
cfs 

Water 
Year 

Date 

Cage 
Height 

Discharge 

CfB 

1913 

March 

1913 

15  9 

16,000 

1913 

Mar 

8,    1953 

7  90 

1,640 

1937 

January 

1937 

14  8 

12,100 

1954 

Mill- 

2,  1954 

950 

1948, 

Apr     15, 

191.8 

11   57 

4,920 

1955 

iter 

1,   1955 

9  80 

2,940 

1949 

Jan.    28, 

1949 

11.13 

4,220 

1956 

Fnb 

29,    1956 

9.98 

3,100 

1950 

Jan       7, 

1950 

12.37 

t',300 

1957 

1  ..v 

25,    1957 

17  87 

fa  .900 

1951 

ttar     21 . 

1951 

11    46 

4,760 

1958 

Dec 

22,  1957 

4,250 

1952 

Mar.    It, 

1952 

10  78 

3,880 

1959 

Jan 

2/.,   1959 

9,150 

POTOKA      RIVER      AT      JASPER 
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Appendix  B  -  Idst  of  Symbols 

A  m  area  of  -watershed  (s-g,o  miles  unless  othervd.se  noted) 

a  »  vaterway  area  of  culvert  (sa[o  ft.};  partial  area;  a  coefficient;  an 
exponent 

b  ~  an  exponent 

C  •=  a  coefficient 

c  »  a  coefficient!  an  exponent 

B  =■  drainage  density  (miles/s$0  mile/ 

d--  a  coefficient 

e  -  "base  of  natural  1  »   »71 

F  ~  shape  factor  P  *  L/  [kh/fC   )  3/2 

H  -  mean  relief  of  wai 

h  -  elevation  abcve  gaging  station  (ft) 

i  =  a  -variable  Integer  in  suGEJa'iion  operat 

K  «  parameter  in  efuaticn  for  •.nstant&neotts  unit  hydrograph  (hours) 

k  -  total  number  of  entries  i  .  summation  operation 

K_-  the  recession  constant  e*  hydrogrsph  (hours) 

L  <=  length  of  main  stream  o.'  vatershec.  (miles) 

m  -  rank  of  entry  in  fi      analysis 

N  -  -total  number  of  entri'.s  in  summation  operation 

n  -  parameter  of  afuat  Lei  is  unit  hydrograph  and  for  hydrographs 

of  short  duration;  m  integer  appearing  in  ^summation  operation;  total  number  of 
entries  in  extre  Las. 

P  -  total  rainfall  de;  .        arm  (inches) 

PL-  rainfall  depth  oceiring  before  start  of  runoff  (inches) 

P  =>  rainfall  depth  ©curing  after  start  of  runoff  (inches) 

P.-  rainfall  during  i  I      nterval  (inches) 

Q  =  discharge;  direct  iiurface  runoff  f.cfs) 

Qg-  base  flow  (sfs) 

0-  annual  peak  discharge  (e£s),  peak  discharge  of  the  total  runoff'  hydrograph. 

Q,  -  peak  discharge  of  the  direct  surface  runoff  hydrograph 
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0^=  total  discharge;  total  runoff,  Qj=  Q  +  QgP  (cfs) 

q.  -  ordinate  of  the  unit  hydrcgraph  (efs/inch) 

E  =  volume  of  direct  surface  zunoff  expressed  in  vnits  of  depth  over 
watershed  (inches) 

r  -  runoff  coefficient  r  =  R/. 

3  =>  slope  of  main  stream  (ft/lO,000  ft) 

S  -  slope  of  ith  section  along  main  channel 

s  «°  aa  independent  rrariable 

tion  of 

.iion  of  unit  hydrograph  (hours) 

T  «  return  pe 

,ime  since  part  of  direct  surface  run-  variable 

- 

V  -  volume  erf  .are  ft) 

x  -  an  exponent;  an  independent  variable;  .a  -value 

y  -  an  expone  ible 

z  -  e 

z  -  elevation  of  ga^,  t) 

o 

- 
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5000  10000  15000  20000  cm™ 

25-  Yeor    Instantaneous   Annual  Peak    Discharge     Qm,    cfs 

25     YEAR  PEAK    DISCHARGE  BY    SIMPLE     FORMULA      (Eq.  4-1) 
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25    YEAR  PEAK     DISCHARGE      BY     EXTENDED     FORMULA      (  Eq    4-2) 


PEAK      DISCHARGE     OF    OTHER 
RETURN       PERIODS 


DESIGN     CHART  NO     I 

DETERMINATION  '    Of     ANNUAL      PEAK      DISCHARGE 
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DESIGN     CHART     NO    2 


PEAK     DISCHARGE      Qp 


DETERMINATION        OF       HYDROGRAPH     OF   SHORT     DURATION 
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25     YEAR  SIX     HOUR         RAINFALL 

(  in     inches ) 


DESIGN      CHART     NO    3 


50    YEAR       SIX     HOUR  RAINFALL 

(in  inches) 


DETERMINATION        OF     RAINFALL    EXCESS 


iUuraiT.     Granby,     Newton     & 

lliiimynn  !■■  -.r,'K  ln.ims;  Plain- 
field  &  Tyncr  sands ;  mucks ; 
Ikior  Tracy.  Fox.  Warsaw  & 
Osbtemo   loams   i   sand)'   loams. 


Lenawee.  Peivamo  &  Julian  slll> 
clay  loams;  Hoytvllle  silly  clay: 

Kensselacr    &    Jasper    loams    & 


Parr  A  Udell    silt   U-im- 

Slllrll.     It.iul..     Ellinlt 

pn     silt     loams;     Clia 
Koaney  sllty  clay    lnur 


Uliml.  Cn.shv,  ltmnkston,  Brem- 
en. Galena.  Otis.  Fox.  Fox 
ubf  phase  &  Hillsdale  loams 
ft  sandy  loams ;  Coloma  <<■ 
Bplnks  loamy  sands. 


Crosby     &     Miami     silt     loans; 
Brookston  *  Kokomo  sllty  clay 


m 

Russell    & 
inks ton 

H;'b 

Genesee,  Eel.  Huntington.  Fox. 
Ockley.  War^.m.  Hartk  &  Elk- 
Insvllle  silt  loams  &  loams; 
West  land  sllty  clay  loam;  Shar- 
key clay. 


Cincinnati.    Gibson.    Vino. 
Wilbur.    Stendal    &    Phllo 


Cincinnati,  Rossmoyne.  Avon- 
bun,  Clermont,  Jennings,  Gray- 
ford.  Phllo,  Stendal  &  Atkins 
silt  loams. 


Switzerland  &  Allensvllle  silt 
loams:  Falrmount  It  Huntington 
sllty  clay  loams. 


Muskingum  stony  loam.  Zanes- 
vllle.  Wellston,  Tilsit.  Elklns- 
vllle.    Bartlc,    Olwell    &    Phllo 

silt   loams. 


Huntington  silt  lo; 


Otwell.  Haubstadt.  Dubois,  Rob- 
inson; Markland.  McGary.  Hi-n- 
sliaw  &  Parke  silt  loams;  Zlpp. 
Montgomery  It  Patton  sllty  clay 
loams. 


Bloomflcld  loamy  sands;  Prince- 
ton   &    Ayrshire    sandy 
loams  &  silt  loams. 
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SOIL     TYPE 

A, 

D,H,0 
C.E.G,  M,P 
K,L,  N 
B,  I,  J 
F 


RUN    OFF 

COEFFICIENT 

0.30 

0.50 

0.70 

0-80 

1.  00 

0.5  -    0-8 

